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Complexes  of  9-hydroxyalkyl-purines,  processes  for  preparing  them  and  therapeutical  compositions  containing  the 
complexes  as  active  ingredients. 

@  Compounds  of  the  formula 

where  X  is  OH,  NH2,  SH,  OR  or  SR  (where  R  is  alkyl  of  1  to  4 
carbon  atoms  or  benzyl),  R1  is  H  or  alkyl  of  1  to  8  carbon 
atoms,  R2  is  H  or  methyl,  Y  is  the  salt  of  an  amine  of  the 
formula 

where  R3  and  R4  are  lower  alkyl,  e.g.,  1  to  4  carbon  atoms 
and  n  is  an  integer  of  2  to  4  with  p-acetamidobenzoic  acid 
and  where  z  is  a  number  from  0  to  10  are  useful  as  immuno- 
modulators,  as  antiviral  agents  and  in  specific  cases  have 
antitumor  activity.  The  compounds  and  compositions  where 
z  is  1  to  10  are  novel  per  se.  When  R2  is  H  the  presence  of 
Y  enhances  the  immunoregulatory  activity  and  the  anti- 
viral  activity.  If  X  is  the  NH2  there  is  immunoinhibitory  ac- 
tivity  but  no  immunostimulatory  (immunopotentiatory) 
activity. 



SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   is  b a s e d   on  t h e  

d i s c o v e r y   t h a t   c o m p o u n d s   of  t he   f o r m u l a  

w h e r e   X  is  OH,  NH2,  SH,  OR  or  SR  w h e r e   R 

is  a l k y l   of  1  to  4  c a r b o n   a t oms   or  b e n z y l ,  
R1  is   H  or   a l k y l   of  1  to   8  c a r b o n   a t o m s ,  
R2  is  H  or  m e t h y l ,   Y  is   t he   s a l t   of  a n  

a m i n e   of  the   f o r m u l a  

w h e r e   R3  and  R4  a r e   l o w e r   a l k y l ,   e . g . ,  

1  to   4  c a r b o n   a t o m s   and  n  is  an  i n t e g e r   o f  

2  to  4  w i t h   p - a c e t a m i d o b e n z o i c   a c i d   a n d  

w h e r e   z  is  a  n u m b e r   f rom  0  to  10 



a r e   u s e f u l   as  i m m u n o m o d u l a t o r s ,   as  a n t i v i r a l   a g e n t s  

and  in  s p e c i f i c   c a s e s   h a v e   a n t i t u m o r   a c t i v i t y .   T h e  

c o m p o u n d s   and  c o m p o s i t i o n s   w h e r e   z  is  1  to   10  a r e  

n o v e l   p e r   s e .  

When  R2  is   H  t h e   p r e s e n c e   of  Y  e n h a n c e s  

t h e   i m m u n o r e g u l a t o r y   a c t i v i t y   and  t he   a n t i v i r a l   a c t -  

i v i t y .   I f   X  is   t h e   NH2  t h e r e   is  i m m u n o i n h i b i t o r y  

a c t i v i t y   b u t   no  i m m u n o s t i m u l a t o r y   ( i m m u n o p o t e n t i a t o r y )  

a c t i v i t y .  

I m m u n o r e g u l a t o r y   a c t i v i t y   a p p e a r s   to  i n -  

c r e a s e   w i t h   i n c r e a s i n g   c h a i n   l e n g t h   f o r   R l ,   a t   l e a s t  

f r o m   m e t h y l   t h r o u g h   h e x y l .   P r e f e r a b l y   R1  is   n -  

a l k y l ,   i . e . ,   m e t h y l ,   e t h y l ,   n - p r o p y l ,   n - b u t y l ,   n - a m y l ,  

n - h e x y l ,   n - h e p t y l   or   n - o c t y l .   R2  is   p r e f e r a b l y  

m e t h y l .   R  can  be  m e t h y l ,   e t h y l ,   n - p r o p y l ,   n - b u t y l ,  

i s o p r o p y l ,   e t c .   When  X  is   NH2  t h e   c o m p o u n d   can   b e  

p r e s e n t   as  t he   f r e e   b a s e   or  as  t h e   s a l t   w i t h   a  n o n -  

t o x i c   a c i d ,   i . e . ,   p h a r m a c e u t i c a l l y   a c c e p t a b l e   a c i d ,  

e . g . ,   h y d r o c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d ,   s u l f u r i c  

a c i d ,   p h o s p h o r i c   a c i d ,   c i t r i c   a c i d ,   l a c t i c   a c i d s ,   t a r -  

t a r i c   a c i d ,   s a l i c y l i c   a c i d ,   a c e t y l   s a l i c y l i c   a c i d ,  

a c e t i c   a c i d ,   p r o p i o n i c   a c i d ,   p - t o l u e n e   s u l f o n i c   a c i d ,  

m e t h a n e   s u l f o n i c   a c i d ,   m a l e i c   a c i d ,   s u c c i n i c   a c i d ,  

m a l o n i c   a c i d ,   a d i p i c   a c i d .  

A  p r e f e r r e d   c l a s s   of  a m i n e s   to  fo rm  the   s a l t  

w i t h   p a r a   a c e t a m i d o b e n z o i c   a c i d   has   t he   f o r m u l a  



w h e r e   R5  and  R6  a r e   l o w e r   a l k y l ,   e . g . ,   m e t h y l ,  

e t h y l ,   p r o p y l ,   i s o p r o p y l   or  b u t y l   and  n  is  an  i n t e g e r  

of  2  to   4.  T y p i c a l   e x a m p l e s   of  s u c h   a m i n e s   i n c l u d e  

d i m e t h y l a m i n o   e t h a n o l ,   d i m e t h y l a m i n o   i s o p r o p a n o l ,   d i -  

e t h y l a m i n o   e t h a n o l ,   d i e t h y l a m i n o   i s o b u t a n o l ,   d i e t h y l -  

amino   i s o p r o p a n o l ,   m e t h y l   e t h y l   amino   e t h a n o l ,   d i i s o -  

b u t y l a m i n o - N - b u t a n o l ,   d i m e t h y l a m i n o   p r o p a n o l ,   d i -  

m e t h y l a m i n o - N - b u t a n o l ,   d i i s o b u t y l a m i n o   e t h a n o l ,   d i -  

m e t h y l a m i n o   b u t a n o l ,   d i b u t y l a m i n o - N - b u t a n o l ,   d i b u t y l -  

a m i n o   e t h a n o l ,   d i p r o p y l a m i n o   e t h a n o l   and  d i i s o p r o p y l -  

a m i n o   e t h a n o l .   The  p r e s e n t l y   p r e f e r r e d   amine   is  d i -  

m e t h y l a m i n o   i s o p r o p a n o l .   When  Y  is  p r e s e n t ,   i . e . ,   z 

is  1  to  10,   p r e f e r a b l y   z  is  3.  H o w e v e r ,   z  can  a l s o   b e  

1,  2,  4,  5,  6,  7,  8,  9  or  1 0 .  

W h i l e   t h e r e   a r e   p r e f e r a b l y   u s e d   t h e   c o m -  

p o u n d s  

w h e r e   Y  is   t he   s a l t   of  t he   a m i n e  

w i t h   p - a c e t a m i d o b e n z o i c   a c i d   t h e r e   can  a l s o   be  u s e d  

s a l t s   of  t h e   f o r m u l a   Yl  w h e r e i n   t h e   a m i n e   is  as  j u s t  

d e f i n e d   t he   a c i d   is  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   a c i d  

o t h e r   t h a n   p - a c e t a m i d o b e n z o i c   a c i d ,   e . g . ,   h y d r o c h l o r i c  

a c i d ,   s u l f u r i c   a c i d ,   h y d r o b r o m i c   a c i d ,   p h o s p h o r i c  

a c i d ,   a c e t i c   a c i d ,   p r o p i o n i c   a c i d ,   m a l o n i c   a c i d ,   l a c -  

t i c   a c i d ,   c i t r i c   a c i d ,   t a r t a r i c '  a c i d ,   p - t o l u e n e   s u l f o -  

n i c   a c i d ,   a d i p i c   a c i d ,   m a l e i c   a c i d ,   s u c c i n i c   a c i d ,  

m e t h a n e   s u l f o n i c   a c i d ,   s a l i c y l i c   a c i d ,   a c e t y l   s a l i c y -  

l i c   a c i d .  



In  d e s c r i b i n g   t h e   c o m p o u n d s   b e l o w ,   when  Y  i s  

p r e s e n t   t h e   a b b r e v i a t i o n   D I P · P A c B A   s t a n d s   f o r   d i -  

m e t h y l a m i n o - 2 - p r o p a n o l - p - a c e t a m i d o   b e n z o a t e .   U n l e s s   a  

n u m b e r   in  p a r e n t h e s e s ,   e . g . ,   ( 1 0 ) ,   f o l l o w s   t h i s   a b b r e -  

v i a t i o n ,   t h e n   Y  is  3.  If   a  n u m b e r   in  p a r e n t h e s e s   f o l -  

l ows   t he   a b b r e v i a t i o n   D I P · P A c B A   t h e r e   t h e   n u m b e r  

i n d i c a t e s   t he   n u m b e r   of  m o l e s   of  Y  g r o u p s   p r e s e n t   to   1 

m o l e   of  t h e   9 - ( h y d r o x y a l k y l ) p u r i n e .  

In  T a b l e   1  b e l o w   t he   c o m p o u n d s   a r e   b e l i e v e d  

to  be  p u r e   e x c e p t   f o r   c o m p o u n d   15443  w h i c h   is  b e l i e v e d  

to  a l s o   c o n t a i n   a  s a l t   in  a d d i t i o n   to  t he   compound   o f  

t h e   i n v e n t i o n .  

An  i m m u n o m o d u l a t o r   is  a  c o m p o u n d   w h i c h   r e g u -  
l a t e s   t he   immune  r e s p o n s e .   T h u s ,   i t   c o v e r s   b o t h   i m -  

m u n o s t i m u l a t i o n   ( i m m u n o p o t e n t i a t i o n )   and  i m m u n o i n h i b i -  

t i o n .   I m m u n o s t i m u l a t i o n ,   of  c o u r s e ,   is  u s e f u l   i n  

b u i l d i n g   up  i m m u n i t y .   I m m u n o i n h i b i t i o n   a l s o   has   u t i l -  

i t y   in  a  n u m b e r   of  a r e a s .   For  e x a m p l e ,   i t   is  u s e f u l  

in  o r g a n   t r a n s p l a n t s ,   e . g . ,   k i d n e y   or  h e a r t   t r a n s -  

p l a n t s ,   to  p r e v e n t   r e j e c t i o n .  

In  t h e   t a b l e s   s h o w i n g   t h e   i m m u n o p o t e n t i a t i n g  

p r o p e r t i e s   of  t he   c o m p o u n d s ,   a  p l u s   (+)  or  a  m i n u s   ( - )  

i n d i c a t e s   i m m u n o s t i m u l a t i n g   or  i m m u n o i n h i b i t i n g   p r o -  

p e r t i e s   r e s p e c t i v e l y .   The  n u m b e r   0  i n d i c a t e s   the   c o m -  

p o u n d   had  n e i t h e r   i m m u n o p o t e n t i a t i n g   a c t i v i t y   of  i m -  

m u n o i n h i b i t i n g   a c t i v i t y .  

T h e r e   a r e   i n c l u d e d   in  some  of  t he   t a b l e s  

s e v e r a l   c o m p o u n d s   w h e r e i n   X  is  n o t   w i t h i n   t h a t  

c l a i m e d .   T h e s e   n o n - c l a i m e d   c o m p o u n d s   as  a  r u l e   h a v e  

r e l a t i v e l y   low  a c t i v i t i e s   and  a r e   i n c l u d e d   to  i l l u s -  

t r a t e   t h e   f a c t   t h a t   t h e   X  g r o u p   can  h a v e   a  s i g n i f i c a n t  

e f f e c t   on  t he   p r o p e r t i e s   of  t he   c o m p o u n d s .  



A  m i t o g e n   i s   a  s u b s t a n c e   w h i c h   i n d u c e s   c e l l  

p r o l i f e r a t i o n ,   as  o c c u r s   d u r i n g   i m m u n i z a t i o n .  

T a b l e   1  ( e x c l u d i n g   c o m p o u n d s   15427  a n d  

1 5 4 2 3 )   shows  c o m p o u n d s   u s e f u l   in  t he   i n v e n t i o n .  

The  s y n t h e t i c   p r o c e d u r e s   A  t h r o u g h   L  m e n -  

t i o n e d   in  T a b l e   1  a r e   d e s c r i b e d   in  more  d e t a i l   s u b s e -  

q u e n t l y .  

The  c o m p o s i t i o n s   of  t h e   i n v e n t i o n   a r e   u s e f u l  

in  t r e a t i n g   mammals   (and  c e l l s   of  mammal s )   i n c l u d i n g  

h u m a n s ,   s w i n e ,   d o g s ,   c a t s ,   c a t t l e ,   h o r s e s ,   s h e e p ,  

g o a t s ,   m i c e ,   r a b b i t s ,   r a t s ,   g u i n e a   p i g s ,   h a m s t e r s ,  

m o n k e y s ,   e t c .  

U n l e s s   o t h e r w i s e   i n d i c a t e d ,   a l l   p a r t s   a n d  

p e r c e n t a g e s   a r e   by  w e i g h t .  

A l l   t e m p e r a t u r e s   a r e   in  d e g r e e s   c e n t i g r a d e  

u n l e s s   o t h e r w i s e   i n d i c a t e d .  

The  c o m p o s i t i o n s   can  c o m p r i s e ,   c o n s i s t   e s -  

s e n t i a l l y   of  or  c o n s i s t   of  t he   m a t e r i a l s   s e t   f o r t h   a n d  

t h e   p r o c e s s e s   can  c o m p r i s e ,   c o n s i s t   e s s e n t i a l l y   of  o r  

c o n s i s t   of  t he   s t e p s   s e t   f o r t h   w i t h   s u c h   m a t e r i a l s .  

The  c o m p o s i t i o n s   can   be  a d m i n i s t e r e d   to   t h e  

mammals   by  c o n v e n t i o n a l   t e c h n i q u e s ,   e . g . ,   o r a l l y ,  

n a s a l l y ,   r e c t a l l y ,   v a g i n a l l y ,   e n t e r a l l y   or  p a r e n t e r a l -  

l y .   They  can  be  e m p l o y e d   as  i n j e c t a b l e   s o l u t i o n s ,  

e . g . ,   in  w a t e r ,   or   as  t a b l e t s ,   p i l l s ,   c a p s u l e s ,   e t c .  







O t h e r   c o m p o u n d s   w i t h i n   t h e   i n v e n t i o n   a r e   s e t  

f o r t h   in  T a b l e   la   b e l o w   w h e r e i n   t he   b a s i c   f o r m u l a   i s  

t h e   same  as  t h a t   in  T a b l e   1.  In  T a b l e s   1  and  l a ,   t h e  

a l k y l   g r o u p s   f o r   R1  a r e   a l l   n - a l k y l .  











DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

M e t h o d   A 

9 - (2 -HYDROXY-1-PROPYL)HYPOXANTHINE  (NPT 

1 5 4 4 6 )  

9 - ( 2 - H y d r o x y - l - p r o p y l ) a d e n i n e   ( I ,   4 .0   g ,  
2 0 . 7   mmol)  was  s u s p e n d e d   in   50%  a c e t i c   a c i d   (20  m l )  

and  s o d i u m   n i t r i t e   (4  g,  58  m m o l ) ,   was  s l o w l y   a d d e d .  

The  m i x t u r e   was  s t i r r e d   a t   25°  f o r   3  h r .   The  r e s u l t -  

ing  s o l u t i o n   was  e v a p o r a t e d   to   d r y n e s s   and  i s o p r o p a n o l  

a d d e d ;   t h i s   o p e r a t i o n   was  r e p e a t e d   o n c e .   The  s o l i d  

r e s i d u e   was  b o i l e d   in  i s o p r o p a n o l   and  f i l t e r e d .   T h e  

f i l t r a t e   was  e v a p o r a t e d   and  c r y s t a l l i z e d   by  a d d i t i o n  

of  a c e t o n e .   R e c r y s t a l l i z a t i o n   was  made  f r o m   i s o - p r o -  

p a n o l / m e t h a n o l   ( 9 8 : 2 ) ;   a  c o l o r l e s s   c r y s t a l l i n e   p r o d u c t  

was  o b t a i n e d .   Y i e l d   3 .3   g  (82%)  M.P.  2 4 4 - 2 5 0 °  

uv  (H20;   pH  5 . 5 )   Àmax  250  nm. 



M e t h o d   B 

9 - ( 2 - H Y D R O X Y - 1 - P R O P Y L ) - 6 - C H L O R O P U R I N E  

T h e r e   were   e m p l o y e d   t he   m e t h o d s   o f  

S c h a e f f e r ,   H . J .   V o g e l ,   D.  and  V i n c e ,   R . ,   J.  Med.  C h e m .  

8 , 5 0 2   ( 1 9 6 5 ) ;   and  S c h a e f f e r ,   H . J .   and  V i n c e ,   R . ,   J .  

Med.  Chem.  10 ,   689  ( 1 9 6 7 ) .  

A  s o l u t i o n   of  5 - a m i n o - 4 , 6 - d i c h l o r o p y r i m i d i n e  

( I ,   20  g,  0 . 1 2   m o l e )   in  11%  e t h a n o l i c   s o l u t i o n   of  i s o -  

p r o p a n o l a m i n e   (200  ml)  was  r e f l u x e d   f o r   8  h r .   The  r e -  

a c t i o n   m i x t u r e   was  e v a p o r a t e d   to  a  s y r u p ,   e t h a n o l  

a d d e d   and  e v a p o r a t e d   a g a i n ;   t h i s   o p e r a t i o n   was  r e p e a t -  
ed  o n c e .   The  r e s u l t i n g   s y r u p   was  p o u r e d   i n t o   w a t e r  

(300  ml)  g i v i n g   a  c r y s t a l l i n e   m a s s .   I t   was  c o l l e c t e d  

by  f i l t r a t i o n ,   w a s h e d   w i t h   w a t e r   and  d r i e d   to  g i v e   19  

g  of  c r u d e   9 - ( 2 - h y d r o x y - l - p r o p y l a m i n o )   5 - a m i n o - 6   c h l o -  

r o p y r i m i d i n e   ( I I ) .  

The  c r u d e   c o m p o u n d   I I   was  s u s p e n d e d   in  t r i -  

e t h y l o r t h o f o r m a t e   (120  ml)  to  w h i c h   e t h a n e s u l f o n i c  

a c i d   (5  d r o p s )   was  a d d e d .   A f t e r   15  m i n .   a l l   t h e   s o l i d  



d i s s o l v e d   and  t h e   s o l u t i o n   was  k e p t   a  250  o v e r n i g h t .  
E v a p o r a t i o n   in   v a c u o   g a v e   a  t h i c k   s y r u p   w h i c h   was  s u b -  
m i t t e d   to   h i g h   v a c u o   e v a p o r a t i o n   to  r e m o v e   t h e   e x c e s s  
of   i s o p r o p a n o l a m i n e .   Upon  c r y s t a l l i z a t i o n   w i t h  
x y l e n e ,   5  g  of  c r u d e   m a t e r i a l   was  o b t a i n e d .  

M e t h o d   B 

9 - ( 2 - H Y D R O X Y - 1 - P R O P Y L ) A D E N I N E   (NPT  1 5 4 3 1 )  

9 - ( 2 - H y d r o x y - l - p r o p y l ) - 6 0 c h l o r o p y r i n e   ( I , 9   g ,  4 2 . 4   (mol)  was  d i s s o l v e d   in   s a t u r a t e d   m e t h a n o l i c   a m m o n i a  
and  ammonium  c h l o r i d e   (50  mg) .   The  m i x t u r e   was  h e a t e d  
a t   1300  in   a  bomb  f o r   6  h r .   The  r e s u l t i n g   s o l u t i o n   w a s  
e v a p o r a t e d   to   d r y n e s s   and  r e c r y s t a l l i z e d   f rom  e t h a n o l /  
a c e t o n e .   Y i e l d   =  6 . 6 8   g  of  a  c o l o r l e s s   c r y s t a l l i n e  
p r o d u c t   (81%)  mp  1 9 3 - 1 9 4 °   uv  (H20;  pH  5 . 5 )  
λmax  260  nm  TLC  in   CHCl3:MeOH  ( 5 : 1 )   Rf  0 . 4 4  



A n a l .   C a l c .   f o r   C8H11N5O:  C,  4 9 . 7 3 ;  

H,  5 . 7 4 ;   N,  3 6 . 2 5 ;   F o u n d :   C,  4 9 . 5 6 ,   H,  5 . 6 2 ;   N ,  
3 6 . 2 2 .  

M e t h o d   C 

9 - (1 -HYDROXYETHYL)-6-MERCAPTOPURINE  (NPT 

1 5 4 3 5 )  

T h e r e   was  e m p l o y e d   t h e   m e t h o d   of  S c h a e f f e r  

and  B h a r g a v a ,   B i o c h e m i s t r y  4 ,   71  ( 1 9 6 5 ) .  

9 - ( 1 - H y d r o x y e t h y l ) - 6 - c h l o r o p u r i n e   ( I ,   2  g ,  
.01  mol )   and  t h i o u r e a   ( 0 . 7 6   g;  .01  mol)   were   d i s s o l v e d  

in  e t h a n o l   (15  ml)  and  r e f l u x e d   f o r   30  m i n .   The  r e -  

s u l t i n g   p r e c i p i t a t e   was  c o l l e c t e d   by  f i l t r a t i o n   a n d  

s u s p e n d e d   in  w a t e r   to   f o r m   a  s l u r r y .   N e u t r a l i z a t i o n  

w i t h   s o d i u m   a c e t a t e   g a v e   c o l o r l e s s   c r y s t a l s .   Y i e l d  

1 .5   g  ( 7 6 % ) .  

M.P.  2 7 8 - 2 8 0 ° ;   uv  (H20,   pH  5 . 5 )   λ m a x  

320 ,   230  nm.  



M e t h o d   D 

9-HYDROXYETHYL  HYPOXANTHINE  (NPT  1 5 4 2 5 )  

T h e r e   was  u s e d   t h e   m e t h o d   of  S c h a e f f e r ,   H . J .  

and  B h a r g a v a ,   P . S . ,   B i o c h e m i s t r y   4,  71  ( 1 9 6 5 ) .  

6 - C h l o r o - 9 - h y d r o x y e t h y l   p u r i n e ,   I I I   (4  g ) ,  

was  a d d e d   s l o w l y   to  warm  N  NaOH  (30  ml)  and  r e f l u x e d  

f o r   2  h r .   The  r e a c t i o n   is  c o o l e d   in  i c e   and  n e u t r a l -  

i z e d   w i t h   g l a c i a l   a c e t i c   a c i d .   A f t e r   f i l t r a t i o n ,   p o r -  
t i o n s   of  u n r e a c t e d   I I I   a r e   r e m o v e d .   The  p r o d u c t   i s  

r e c r y s t a l l i z e d   f rom  m e t h a n o l   and  w a s h e d   w i t h   a c e t o n e .  

C o l o r l e s s   c r y s t a l s .   Y i e l d ,   1  g.  ( 28%) ;   mp  2 7 4 ° ;   u v  

(H20 ,   pH  5 . 5 ) ,   Xmax  250  nm.  



M e t h o d   E 

9 - ( 1 - H Y D R O X Y L - 2 - P R O P Y L ) - 6 - I O D O P U R I N E   (NPT 

1 5 4 2 7 )  

9 - ( l - H y d r o x y - 2 - p r o p y l ) - 6 - c h l o r o p u r i n e   ( I ,  

1 .5   g,  7  mmol)  was  a d d e d   to  h y d r o i o d i c   a c i d   (15  ml)  a t  

- 1 0 °   w i t h   s t i r r i n g   f o r   45  m i n .   The  p r e c i p i t a t e   w a s  

f i l t e r e d ,   n e u t r a l i z e d   w i t h   a n h y d r o u s   s o d i u m   a c e t a t e   a t  

5 ° ,   and  w a s h e d   w i t h   a  l i t t l e   c o l d   w a t e r   (3  t i m e s ) .  

R e c r y s t a l l i z a t i o n   f rom  e t h a n o l / H 2 0 ,   g a v e   c o l o r l e s s  

c r y s t a l s .   Y i e l d   =  0 .9   g  (42%)  mp  =  1 9 3 - 1 9 4 °   u v  

λmax  276  nm  (H20,   pH  5 . 5 ) .  

A n a l .   C a l c .   f o r   C8H9N40I   MW  =  3 0 4 . 1 :  

C,  3 1 . 6 0 ;   H,  2 . 9 8 ;   N,  1 8 . 4 3 ;   I ,   4 1 . 7 3 .   F o u n d :   C ,  

3 1 . 5 3 ;   H,  2 . 9 6 ;   N,  1 8 . 1 8 ;   I ,   4 1 . 7 0 .  



M e t h o d   F 

9 - ( 1 - H Y D R O X Y - 2 - P R O P A N E ) - 6 - C H L O R O P U R I N E   (NPT 

1 5 4 2 3 )  

T h e r e   was  u s e d   t h e   m e t h o d   of  S c h a e f f e r ,   H . J .  

and  S c h w e n d e r ,   C . F . ,   J.  Med.  Chem.  17,   6  ( 1 9 7 4 ) .  

A  s o l u t i o n   of  5 - a m i n o - 4 , 6 - d i c h l o r o p y r i m i d i n e  

( I ,   6 . 5 6   g  40  mmol)  and  2 - a m i n o - l - p r o p a n o l   ( I I ,   3 .3   g ,  
44  mmol)  was  r e f l u x e d   in  n - p e n t a n o l   (288  ml)  and  t e r t -  

b u t y l a m i n e   (96  ml)  f o r   45  h r .   u n d e r   N2  a t m o s p h e r e .  

The  s o l u t i o n   was  e v a p o r a t e d   to  a  s y r u p   and  e t h a n o l  

a d d e d   4  t i m e s   and  e v a p o r a t e d .   The  r e s u l t i n g   s y r u p   w a s  

s u s p e n d e d   in  t r i e t h y l o r t h o f o r m a t e   (150  ml)  and  e t h a n e -  

s u l f o n i c   a c i d   (10  d r o p s ) .   The  s u s p e n s i o n   was  v i g o r -  

o u s l y   s t i r r e d   o v e r n i g h t ,   t h e n   e v a p o r a t e d   to  d r y n e s s ,  

e t h a n o l   a d d e d   and  t h i s   o p e r a t i o n   r e p e a t e d   t h r e e   t i m e s .  

C r y s t a l l i z a t i o n   of  c o l o r l e s s   p r o d u c t   o c c u r s   d u r i n g  



e v a p o r a t i o n .   The  c r y s t a l s   w e r e   f i l t e r e d ,   and  t h e   f i l -  

t r a t e   was  e v a p o r a t e d ,   e t h a n o l   a d d e d   and  t h i s   o p e r a t i o n  

r e p e a t e d   t h r e e   t i m e s   to  g i v e   a  c r u d e   m a t e r i a l   ( 3 . 6  

g ) .  

R e c r y s t a l l i z e d   f rom  98%  a q u e o u s   e t h a n o l .   u v  

(H20,   pH  5 . 5 )   λmax  265  nm;  mp  2 0 1 - 2 0 3 ° ;   y i e l d   2 . 7 9  

( 3 2 % ) .  

A n a l .   C8H9N4OCl .   C a l c .   C,  4 5 . 2 0 ;   H ,  

4 . 2 6 ;   N,  2 6 . 3 6 ;   C l ,   1 6 . 6 8 .   F o u n d :   C,  4 5 . 1 1 ;   H,  4 . 2 7 ;  

N,  2 6 . 2 5 ;   C l ,   1 6 . 7 1 .  

M e t h o d   G 

9 - ( 1 - H Y D R O X Y - 2 - P R O P Y L ) A D E N I N E   (NPT  1 5 4 3 3 )  

T h e r e   was  u s e d   t h e   p r o c e d u r e   of  S c h a e f f e r ,  

H.  and  S c h w e n d e r ,   C . ,   J .   P h a r m .   S c i . ,   60,   1204  ( 1 9 7 1 ) .  

A l s o   S c h a e f f e r   e t  a l . ,   J.  Med.  Chem.  15,   456  ( 1 9 7 2 ) .  



9 - ( 1 - H y d r o x y - 2 - p r o p y l ) - 6 - c h l o r o p u r i n e   ( I ,  

2.0  g,  9 .4   mmol)  was  s u s p e n d e d   in  m e t h a n o l / a m m o n i a   ( 3 0  

ml)  and  ammonium  c h l o r i d e   (50  mg)  a d d e d   as  a  c a t a l y s t  

and  the   m i x t u r e   h e a t e d   a t   130°  f o r   4 .5   h r . ;   t he   s o l u -  

t i o n   was  e v a p o r a t e d   to  d r y n e s s .   R e c r y s t a l l i z a t i o n  

f rom  e t h a n o l   of  t he   o b t a i n e d   c r u d e   p r o d u c t   gave   c o l o r -  

l e s s   n e e d l e s .   Y i e l d   =  1 . 1 5   g  (63%)  mp  =  2 1 5 - 2 1 6 °   u v  

(H20,   pH  5 . 5 )   Xmax  260  nm.  

M e t h o d   H 

9- (1 -HYDROXY-2-PROPYL)HYPOXANTHINE  (NPT 

1 5 4 4 3 )  



9 - ( 1 - H y d r o x y - 2 - p r o p y l ) a d e n i n e   ( I ,   4  g,  21  

mmol)  was  d i s s o l v e d   in  50%  a c e t i c   a c i d   (20  m l ) ,   s o d i u m  

n i t r i t e   (4  g,  58  mmol)  a d d e d   and  t h e   m i x t u r e   s t i r r e d  

a t   25°  f o r   3 - 1 / 2   h r .   The  s o l u t i o n   was  e v a p o r a t e d   t o  

d r y n e s s   t w i c e   w i t h   i s o p r o p a n o l .   The  r e s i d u e   was  t a k e n  

up  in  i s o p r o p a n o l   and  f i l t e r e d ,   t he   p r e c i p i t a t e   d i s -  

c a r d e d ,   and  t h e   f i l t r a t e   e v a p o r a t e d   to  f o rm  a  g e l  

w h i c h ,   upon  t he   a d d i t i o n   of  a c e t o n e ,   s o l i d i f i e d .  

Y i e l d   =  3 . 6 5   (90%)  of  c o l o r l e s s   c r y s t a l s .   R e c r y s t a l -  

l i z e d   f rom  i s o p r o p a n o l / m e t h a n o l   ( 9 8 : 2 ) .   mp  =  2 0 2 - 2 0 7 °  

TLC  in  CHC13:MeOH  ( 5 : 1 )   1  s p o t   R f  -   0 . 3 0   u v  

(H20,   pH  5 . 5 )  =   λmax  250  nm. 

M e t h o d   I  

COMPOUND  NPT  1 5 4 1 7  

T h e r e   was  u s e d   t h e   p r o c e d u r e   of  S c h a e f f e r   e t  

a l ,   J o u r n a l   of  P h a r m a c e u t i c a l   S c i e n c e s   1 6 : 1 2 0 4 - 1 2 1 0 ,  

M e t h o d   F .  

The  p r o d u c t   is  compound   XL  in  T a b l e   I I I   o f  

S c h a e f f e r   e t   a l .  

M e t h o d   J  

ERYTHRO-9- (2 -HYDROXY-3-NONYL)HYPOXANTHINE 

(NPT  1 5 3 9 2 )  

An  o u t l i n e   of  t h e   s y n t h e t i c   s e q u e n c e   f o r   t h e  

p r e p a r a t i o n   of  e r y t h r o - 9 - ( 2 - h y d r o x y - 3 - n o n y l ) h y p o -  

x a n t h i n e   ( N o n y l h y p o x a n t h i n e ,   V I I I )   is  shown  in  F l o w  

C h a r t s   1  and  2.  The  i m p r o v e m e n t s   o v e r   t he   p r o c e d u r e  



of  H . J .   S c h a e f f e r   and  C . F .   S c h w e n d e r ,   J .   Med.  C h e m . ,  

17,   6  ( 1 9 7 4 )   in  t he   r e a c t i o n   s e q u e n c e   l e a d i n g   to  t h e  

e r y t h r o - 9 - ( 2 - h y d r o x y - 3 - n o n y l ) - 6 - c h l o r o p u r i n e   ( V I I )   a r e  

i n d i c a t e d .   The  l a s t   s t e p ,   t he   h y d r o l y s i s   of  t h e   6 -  

c h l o r o p u r i n e   d e r i v a t i v e   ( V I I ) ,   to  y i e l d   n o n y l h y p o -  

x a n t h i n e   ( V I I I )   is  an  a d a p t a t i o n   of  t he   m e t h o d   r e -  

p o r t e d   by  A.  G i n e r - S o r o l l a ,   C.  G r y t e ,   A.  B e n d i c h   a n d  

G.B.  B r o w n ,   J.  O r g  .   Chem.  34,   2157  ( 1 9 6 9 )   f o r   t h e  

h y d r o l y s i s   of  h a l o g e n o p u r i n e s .  

The  a l t e r n a t e   r o u t e ,   i . e . ,   t he   n i t r o s a t i o n  

of  e r y t h r o - 9 - ( 2 - h y d r o x y - 3 - n o n y l ) a d e n i n e   (EHNA)  ( I X ) ,  

to  y i e l d   N o n y l h y p o x a n t h i n e   ( V I I I )   ( shown   on  Flow  C h a r t  

2)  c o n s i s t s   of  t h e   p r e v i o u s   c o n v e r s i o n   by  a m m o n o l y s i s  

of  t he   c h l o r o   d e r i v a t i v e   ( V I I )   i n t o   the   a m i n o p u r i n e  

( IX ,   EHNA)  f o l l o w e d   by  i t s   n i t r o s a t i o n   to  y i e l d   N o n y l -  

h y p o x a n t h i n e   ( V I I I ) .  

F low  C h a r t   1 

OUTLINE  OF  THE  SYNTHESIS  OF 
ERYTHRO-9-(2-HYDROXY-3-NONYL)HYPOXANTHINE  ( V I I I )  

S t e p  1   ACETAMIDONONAN-2-ONE  ( I I )  

A c y l a t i o n   of  2 - a m i n o   o c t a n o i c   a c i d  



S t e p  2   ACETAMIDONONAN-2-ONE  HYDROCHLORIDE  ( I I I )  

F o r m a t i o n   of  t he   a c e t a m i d o n o n a n - 2 - o n e   h y d r o -  

c h l o r i d e  

S t e p  3   ERYTHRO-3-AMINO-2-NONANOL  ( I V )  

R e d u c t i o n   of  t he   a c e t a m i d o n o n a n - 2 - o n e   h y d r o -  

c h l o r i d e  

( F i g u r e s   b e l o w   t he   a r r o w   r e f e r   to  %  y i e l d . )  

S t e p  4   E R Y T H R O - 5 - A M I N O - 4 - C H L O R O - 6 - ( 2 - H Y D R O X Y - 3 -  

NONYLAMINO)PYRIMIDINE  ( V I )  

C o n d e n s a t i o n   of  e r y t h r o - 3 - a m i n o - 2 - n o n a n o l  

w i t h   5 - a m i n o - 4 , 6 - d i c h l o r o p y r i m i d i n e  



S t e p  5   E R Y T H R O - 9 - ( 2 - H Y D R O X Y - 3 - N O N Y L ) - 6 - C H L O R O P U R I N E  
( V I I )  

R ing   c l o s u r e   of  e r y t h r o - 5 - a m i n o - 4 - c h l o r o - 6 -  
( 2 - h y d r o x y - 3 - n o n y l a m i n o ) p y r i m i d i n e   (V) 



Flow  C h a r t   1  ( c o n t . )  

S t e p  6   E R Y T H R O - 9 - ( 2 - H Y D R O X Y - 3 - N O N Y L ) H Y P O X A N T H I N E  

( V I I I )  

(By  h y d r o l y s i s   of  t he   6 - c h l o r o p u r i n e   d e r i v a -  

t i v e )  



Flow  C h a r t   2 

ALTERNATIVE  ROUTE  FOR  THE  PREPARATION  OF 
ERYTHRO-9- (2-HYDROXY-3-NONYL  HYPOXANTHINE  ( V I I I )  

S t e p   l a   ERYTHRO-9- (2-HYDROXY-3-NONYL)ADENINE  ( I X )  
A m m o n o l y s i s   of  e r y t h r o - 9 - ( 2 - h y d r o x y - 3 -  

n o n y l ) - 6 - c h l o r o p u r i n e   ( V I I )  

S t e p   2b  ERYTHRO-9- (2-HYDROXY-3-NONYL)HYPOXANTHINE 

( V I I I )  

N i t r o s a t i o n   of  e r y t h r o - 9 - ( 2 - h y d r o x y - 3 -  
n o n y l ) a d e n i n e   ( I X )  



3-ACETAMIDONONAN-2-ONE  ( I I )  

A  m i x t u r e   of  2 - a m i n o - l - o c t a n o i c   a c i d   ( I ,   2 0 0  

g,  1 . 2 6   m o l e )   in  a c e t i c   a n h y d r i d e   (960   m l ) ,   and  p y r i -  

d i n e   (640  ml)  was  h e a t e d   on  a  b o i l i n g   w a t e r   b a t h   f o r   4 

h r .   The  r e a c t i o n   m i x t u r e   was  e v a p o r a t e d   in  v a c u o ,   a n d  

t he   r e s i d u e   was  p a r t i t i o n e d   6-8  t i m e s   b e t w e e n   5%  a q u e -  

ous  s o l u t i o n   of   NaHC03  (400  ml)  and  e t h e r   (400  m l ) .  



The  c o m b i n e d   e t h e r e a l   e x t r a c t s   were   d r i e d   w i t h   a n h y -  

d r o u s   MgS04  and  e v a p o r a t e d   to  d r y n e s s   to  g i v e   c r u d e  

3 - a c e t a m i d o n o n a n - 2 - o n e ,   154  g  ( 7 0 % ) .  

3-AMINO-2-NONANONE  HYDROCHLORIDE  ( I I I )  

The  c r u d e   p r o d u c t   ( I I )   o b t a i n e d   in  t he   p r e -  

c e d i n g   o p e r a t i o n   (154  g)  was  d i s s o l v e d   in  c o n c e n t r a t e d  

a q u e o u s   HC1  ( 1 , 5 4 0   ml)  and  r e f l u x e d   f o r   2  h r .   and  t h e n  

e v a p o r a t e d   to  d r y n e s s   in  v a c u o .   The  r e s u l t i n g   s o l i d  

was  r e c r y s t a l l i z e d   f r o m   a  warm  s o l u t i o n   in  EtOH  ( 2 0 0  

ml)  and  t h e n   c o o l e d   to  2 5 ° .   To  t h i s   s o l u t i o n   e t h e r  

(600  ml)  was  a d d e d .   A  w h i t e   c r y s t a l l i n e   p r e c i p i t a t e  

a p p e a r s ;   t he   s u s p e n s i o n   is  k e p t   a t   5°  o v e r n i g h t .   T h e  

p r e c i p i t a t e   is   c o l l e c t e d   and  w a s h e d   w i t h   e t h e r   ( o n c e  

w i t h   100  ml)  to  g i v e   125  g  (67%)  w h i t e   c r y s t a l l i n e  

p r o d u c t   M.P.  112°  d e c .  

I f   t h e   c r y s t a l l i n e   m a t e r i a l   were   no t   w h i t e  

or  had  a  l o w e r   m e l t i n g   p o i n t ,   i t   s h o u l d   be  r e c r y s t a l -  

l i z e d   w i t h   c h a r c o a l   f rom  t e t r a h y d r o f u r a n .   In  one  r e -  

p e a t   of  t h i s   p r o c e d u r e   t h e r e   was  u s e d   150  ml  of  h y d r o -  

f u r a n   f o r   100  g  of  t he   c r u d e   h y d r o c h l o r i d e   ( I I I ) .  



ERYTHRO-3-AMINO-2-NONANOL  ( I V )  

3 - A m i n o - 2 - n o n a n o l   h y d r o c h l o r i d e   ( 4 3 . 8   g ,  
0 . 2 2 6   m o l e )   was  d i s s o l v e d   in  a b s o l u t e   m e t h a n o l   ( 1 5 0  

ml)  and  c o o l e d   to   - 1 0 °   in  an  i c e - s a l t   b a t h .   1 /   P o t a s -  

s ium  b o r o h y d r i d e   ( 2 4 . 4   g,  0 . 4 5   m o l e )   2 /   was  a d d e d   i n  

s m a l l   p o r t i o n s   o v e r   a  2-3   h r .   p e r i o d .   The  m i x t u r e   i s  

t h e n   k e p t   a t   - 1 0 °   to   - 1 5 °   f o r   3  h r .   3 , 4 /   and  s l o w l y  

a l l o w e d   to  r e a c h   room  t e m p e r a t u r e   ( 2 2 ° ) ,   t h e n   s t i r r e d  

o v e r n i g h t   (20  h r . )   a t   room  t e m p e r a t u r e .   The  m i x t u r e  

is  t h e n   e v a p o r a t e d   to  d r y n e s s   ( s y r u p )   in  v a c u o   a n d  

p a r t i t i o n e d   b e t w e e n   H20  (150  ml)  and  c h l o r o f o r m   ( 1 5 0  

m l ) .   The  H20  l a y e r   was  f u r t h e r   e x t r a c t e d   (3x)  w i t h  

c h l o r o f o r m   (100  ml  e a . ) .   The  c h l o r o f o r m   l a y e r   w a s  

d r i e d   w i t h   MgS04  and  e v a p o r a t e d   in  v a c u o   to  g i v e   a  

s l i g h t l y   y e l l o w i s h ,   o i l y   p r o d u c t .   T h i s   l i q u i d   w a s  

d i s t i l l e d   in  h i g h   v a c u o   a t   9 5 ° - 1 0 0 °   ( 0 . 1 5   mm  Hg)  t o  

g i v e   p u r e   e r y t h r o - 3 - a m i n o - 2 - n o n a n o l ,   2 6 . 4   g,  75% 

y i e l d ,   m . p .   8 1 ° - 8 6 ° .  



1.  Upon  c o o l i n g   t h e   s o l u t i o n   of  I I I ,   s o m e  

m a t e r i a l   p r e c i p i t a t e s ;   t h i s   has   no  e f f e c t  

on  t h e   o u t c o m e   of  t he   r e a c t i o n .  

2.  At  t h i s   p o i n t ,   t he   p r e s e n t   p r o c e d u r e   d i f f e r s  

f rom  t h a t   of  S c h a e f f e r   e t   a l .   S c h a e f f e r  

a d d s   a c e t i c   a c i d   a t   t h e   same  t i m e   as  KBH4,  

m a i n t a i n i n g   t he   pH  a t   5 - 6 .   I t   has  b e e n  

f o u n d   t h a t   n e u t r a l i z a t i o n   e n t a i l s   l o s s   o f  

KBH4  and  t h a t   a  pH  a b o v e   5  is  t o l e r a t e d .  

More  i m p o r t a n t   is  t he   f a c t   t h a t   the   s i m u l -  

t a n e o u s   a d d i t i o n   of  a c e t i c   a c i d   and  KBH4 

(as   p r o p o s e d   by  S c h a e f f e r )   makes   t he   r e -  

a c t i o n   v e r y   d i f f i c u l t   to  c o n t r o l .   T h e  

t e m p e r a t u r e   r a i s e s   c o n s i d e r a b l y   and  l o s s e s  

in  y i e l d   a n d / o r   q u a l i t y   of  t he   p r o d u c t  

o c c u r .  

3.  I t   is  r e c o m m e n d e d   to  use   an  e f f i c i e n t  

s t i r r i n g   to  i n s u r e   t he   p r o p e r   r e a c t i o n  

w h i c h   w i l l   be  c o m p l e t e d   when  a l l   t he   s m a l l  

l umps   and  p o r t i o n s   of  p o t a s s i u m   b o r o -  

h y d r i d e   h a v e   d i s a p p e a r e d .  

4.  C o o l i n g   a t   0 ° ,   as  d e s c r i b e d   by  S c h a e f f e r  

e t   a l   ( M e t h o d   D,  l i n e   4  and  f f . )   is  i n -  

s u f f i c i e n t .   I t   is  an  i m p r o v e m e n t   t o  

k e e p   t h e   r e a c t i o n   w e l l   b e l o w   0°;   i t   i s  

b e s t   to  keep   i t   b e l o w   - 1 0 °   a l l   the   t i m e .  

If   t h e   t e m p e r a t u r e   is  a l l o w e d   to  go  o v e r  

- 1 0 ° ,   s u b s t a n t i a l   l o s s   in  y i e l d   may  r e s u l t .  



E R Y T H R O - 5 - A M I N O - 4 - C H L O R O - 6 -  
(2-HYDROXY-3-NONYLAMINO)PYRIMIDINE  ( V I )  

A  m i x t u r e   of  4 , 6 - d i c h l o r o - 5 - a m i n o p y r i m i d i n e  

(V,  2 4 . 6 ,   0 . 1 5   m o l e )   and  e r y t h r o - 3 - a m i n o - 2 - n o n a n o l  

( IV ,   2 6 . 2   g,  0 . 1 6 4   m o l e )   in  1 - p e n t a n o l   ( 1 . 0 8 0   ml)  a n d  

t r i b u t y l a m i n e   (350  ml)  was  p r e p a r e d   w i t h   s t i r r i n g   a t  

2 5 ° .   The  r e s u l t i n g   s u s p e n s i o n   was  h e a t e d   to  r e f l u x  

u n d e r   n i t r o g e n   a t m o s p h e r e   f o r   28  h r .   ( s o l u t i o n   t o o k  

p l a c e   in  a b o u t   1 / 2   h r . ) .   At  t h a t   t i m e   a  s a m p l e   of  t h e  

r e a c t i o n   p r o d u c t   s h o w e d   a  uv  Xmax  267  and  297  nm 

(H20,   pH  5 . 5 ) .  

The  r e s u l t i n g   s o l u t i o n   was  c o n c e n t r a t e d   in  a  

h o t   w a t e r   b a t h   a t   10  mm  p r e s s u r e   to  a  s y r u p   and  f u r -  

t h e r   e v a p o r a t e d   in  an  o i l   b a t h   a t   0 . 1   mm  and  100°   t o  



y i e l d   a  v i s c o u s   l i q u i d   to   w h i c h   n - h e x a n e   (450  ml)  w a s  

a d d e d .   The  m i x t u r e   was  r e f l u x e d   f o r   1  h r . ,   and  t h e  

h o t ,   y e l l o w i s h   h e x a n e   s u p e r n a t a n t   was  s e p a r a t e d   f r o m  

t h e   l i q u i d   a t   t he   b o t t o m   of  t he   r o u n d   b o t t o m   f l a s k .  

The  r e s u l t i n g   l i g h t   b rown  o i l   f rom  w h i c h   a n y  

r e s i d u a l   h e x a n e   was  e v a p o r a t e d   in  v a c u o   and  d i s s o l v e d  

in  c h l o r o f o r m   (150  m l ) .   T h i s   c h l o r o f o r m   s o l u t i o n   w a s  

e x t r a c t e d   8  t i m e s   w i t h   an  a q u e o u s   s a t u r a t e d   s o l u t i o n  

of  NaHC03  (250  ml  e a c h   t i m e ) .   The  c h l o r o f o r m   l a y e r  

was  t h e n  s e p a r a t e d ,   d r i e d   ( w i t h   s o d i u m   or  m a g n e s i u m  

s u l f a t e )   and  e v a p o r a t e d   u n d e r   h i g h   v a c u o   ( 0 . 1   mm)  a t  

40°  ( w a t e r   b a t h )   to  g i v e   a  l i g h t   b rown  o i l   w h i c h  

s o l i d i f i e d   on  c o o l i n g .   T h i s   m a t e r i a l   can   be  u s e d  

d i r e c t l y   in  t he   n e x t   s t e p   or  p u r i f i e d   as  f o l l o w s :   T h e  

r e s u l t i n g   o i l   was  d i s s o l v e d   in  7 5 - 1 0 0   ml  c h l o r o f o r m  

and  n - h e x a n e   ( c a .   300  ml)  a d d e d   to  p r e c i p i t a t e   ou t   a  

w h i t e   c r y s t a l l i n e   s o l i d   w h i c h   was  f i l t e r e d   f rom  t h e  

c o o l e d   s o l u t i o n .   ( E x t r a c t i o n   is  c a r r i e d   o u t   4 - 8  

t i m e s ,   u n t i l   c a r b o n   d i o x i d e   is  no  l o n g e r   e v o l v e d . )  

T h i s   t r e a t m e n t   was  r e p e a t e d   two  more  t i m e s .   Y i e l d :  

2 3 . 3   g  (54%)  uv  λmax  267 ,   297  (H20,   pH  5 . 5 )   mp 
1 1 3 - 1 1 6 0 .  



ERYTHRO-9- (2 -HYDROXY-3-NONYL)6-CHLOROPURINE  ( V I I )  

The  c r u d e   s y r u p   f r o m   t h e   p r e c e d i n g   o p e r a t i o n  

c o n s i s t i n g   of  e r y t h r o - 5 - a m i n o - 4 - c h l o r o - 6 - ( 2 - h y d r o x y - 3 -  

n o n y l a m i n o ) p y r i m i d i n e   ( 1 1 . 4 8   g,  40  m m o l . )   was  d i s -  

s o l v e d   in  t r i e t h y l o r t h o f o r m a t e   (106  ml)  and  c h l o r o f o r m  

(34  m l ) ,   e t h a n e s u l f o n i c   a c i d   (10  d r o p s )   was  a d d e d   t o  

e f f e c t   s o l u t i o n .   A f t e r   s t a n d i n g   o v e r n i g h t   a t   2 5 ° ,   t h e  

s o l u t i o n   was  e v a p o r a t e d   to  a  s y r u p   u n d e r   v a c u o .   Y i e l d  

1 1 . 7   g  ( q u a n t i t a t i v e ) .   T h i s   s y r u p   c o n s i s t i n g   of  c r u d e  

e r y t h r o - 9 - ( 2 - h y d r o x y - 3 - n o n y l ) - 6 - c h l o r o p u r i n e   ( V I I )   w a s  

u s e d   in  t he   n e x t   s t e p .   aMax .   264  nm.  



ERYTHRO-9-(2-HYDROXY-3-NONYL)HYPOXANTHINE  ( V I I I )  

(By  h y d r o l y s i s   of  t he   6 - c h l o r o p u r i n e   d e r i v a -  

t i v e )  

A  s u s p e n s i o n   of  e r y t h r o - 6 - c h l o r o - 9 - ( 2 - h y -  

d r o x y - 3 - n o n y l ) p u r i n e   ( V I I ,   4 .0   g,  1 3 . 4   mmol)  in   0.5  N 

NaOH  (40  ml)  was  r e f l u x e d   f o r   2  h r .   and  c o o l e d .   N e u -  

t r a l i z a t i o n   w i t h   g l a c i a l   a c e t i c   a c i d   and  c o o l i n g   g a v e  
a  c r y s t a l l i n e   p r e c i p i t a t e   of   e r y t h r o - 9 - ( 2 - h y d r o x y - 3 -  

n o n y l ) h y p o x a n t h i n e   ( V I I I )   w h i c h   was  f i l t e r e d   a n d  

d r i e d .   Y i e l d :   3 . 8   g ( q u a n t i t a t i v e ) ,   m . p .   196°  u v  
Xmax  (pH  5 . 5 )   251  nm.  



The  c r u d e   p r o d u c t   ( V I I I )   t h u s   o b t a i n e d   w a s  

h o m o g e n e o u s   by  p a p e r   c h r o m a t o g r a p h y   (3  s o l v e n t s )   a n d  

g a v e   n e g a t i v e   t e s t   f o r   C l -   ( c o p p e r   w i r e   and  f l a m e ;  

s o d i u m   f u s i o n ,   a c i d i f i c a t i o n   and  s i l v e r   n i t r a t e ) .  

R e c r y s t a l l i z a t i o n   of  a  s a m p l e   of  t he   c r u d e  

m a t e r i a l   3  t i m e s   f rom  a q u e o u s   e t h a n o l   ( s e e   P u r i f i c a -  

t i o n )   g a v e   c o l o r l e s s   c r y s t a l s .   m . p .   2 0 2 ° .   C a l c .   f o r  

C14H22N402   ( V I I I ) :   C,  6 0 . 4 1 ;   H,  7 . 9 7 ,   N ,  

2 0 . 1 3 .   F o u n d :   C,  6 0 . 4 7 ;   H,  7 . 8 6 ;   N,  2 0 . 0 8 .  

PURIFICATION  OF 
ERYTHRO-9-(2-HYDROXY-3-NONYL)HYPOXANTHINE  ( V I I I )  

The  c r u d e   n o n y l   h y p o x a n t h i n e   ( V I I I )   is  p u r i -  

f i e d   by  r e c r y s t a l l i z a t i o n .   The  c r u d e   m a t e r i a l   is  d i s -  

s o l v e d   by  h e a t i n g   in  a b o u t   6 - 1 0   t i m e s   i t s   w e i g h t   i n  

e t h y l   a l c o h o l ,   and  t h e n   an  e q u a l   v o l u m e   of  H20  i s  

a d d e d .   The  s o l u t i o n   is  t r e a t e d   w i t h   c h a r c o a l   in  a n  

E r l e n m e y e r   and  f i l t e r e d   t h r o u g h   c e l i t e   when  h o t .   T h e  

s o l u t i o n   is   e v a p o r a t e d   w i t h   c o n t i n u o u s   s t i r r i n g   on  a  

h o t   p l a t e . .   W a t e r   is   a d d e d   in  s m a l l   p o r t i o n s   to  r e -  

p l a c e   t he   e v a p o r a t e d   v o l u m e   u n t i l   an  a b u n d a n t   p r e c i p i -  

t a t e   a p p e a r s .   Keep  on  e v a p o r a t i n g   t he   s o l v e n t   t o  

r e m o v e   a l l   t h e   e t h y l   a l c o h o l   w h i l e   a d d i n g   r e p e a t e d l y  

H20  t o   r e a c h   a  v o l u m e   of  8 -12   t i m e s   t he   w e i g h t   o f  

m a t e r i a l .   The  l o s s   in  m a t e r i a l   is  a b o u t   10%  p e r   e a c h  

r e c r y s t a l l i z a t i o n .   Two  r e c r y s t a l l i z a t i o n s   r a i s e d   t h e  

m e l t i n g   p o i n t   to   202°  and  gave   a  c o l o r l e s s   c r y s t a l l i n e  

p r o d u c t   w h i l e   t h e   c r u d e   m a t e r i a l   was  s o m e w h a t   y e l l o w  

or  p i n k   and  m e l t e d   a t   1 9 2 ° .  



E R Y T H R O - 9 - ( 2 - H Y D R O X Y - 3 - N O N Y L ) - A D E N I N E .   HC1  ( I X )  

The  c r u d e   o i l y   e r y t h r o - 9 - ( 2 - h y d r o x y - 3 -  

n o n y l ) - 6 - c h l o r o p u r i n e   ( V I I )   ( 6 . 1 5   g)  f rom  t he   p r e c e d -  

ing  p r e p a r a t i o n s   is  d i s s o l v e d   in  s a t u r a t e d   m e t h a n o l i c  

ammonia   (300  ml)  and  ammonium  c h l o r i d e   (1  g)  a t   8 0 -  

100°   f o r   1  h r .   in  a  s t a i n l e s s   s t e e l   bomb  ( P a r r   I n s t r u -  

m e n t s ) .   A f t e r   c o o l i n g ,   t h e   s o l u t i o n   was  e v a p o r a t e d   t o  

d r y n e s s   in  v a c u o .   M e t h a n o l   was  a d d e d   and  e v a p o r a t e d  

a g a i n   (3  t i m e s )   to  e l i m i n a t e   t h e   e x c e s s   of  a m m o n i a .  

The  s y r u p y   r e s i d u e   was  d i s s o l v e d   in  a b s o l u t e  

m e t h y l   a l c o h o l ,   and  d r y   HC1  gas   was  b u b b l e d ,   k e e p i n g  

t he   t e m p e r a t u r e   b e l o w   20°  ( w i t h   an  i c e   w a t e r   b a t h ) .  

A f t e r   p a s s i n g   HC1  f o r   1 /2   h r . ,   t h e   m i x t u r e   was  c o o l e d  



a t   5° .   The  p r e c i p i t a t e   was  c o l l e c t e d   t h r o u g h   a  
s i n t e r e d   g l a s s   f u n n e l ,   w a s h e d   w i t h   c o l d   m e t h y l   a l c o h o l  

and  d r i e d   in  a i r .   Y i e l d   6 .0   g  (92%)  m . p .   1 7 3 - 1 7 5 °  

d e c .   uv  Xmax  260  nm  ( i n   H20,  pH  5 . 5 ) .  

ALTERNATE  ROUTE  FOR  THE  PREPARATION  OF 
ERYTHRO-9-(2-HYDROXY-3-NONYL)HYPOXANTHINE  ( V I I I )  

S o d i u m   n i t r i t e   ( 5 . 6   g,  71  mmole)   was  a d d e d  

s l o w l y   to  a  s o l u t i o n   of  e r y t h r o - 9 - ( 2 - h y d r o x y - 3 - n o n y l ) -  

a d e n i n e   ( I X ,   4 .0   g,  14  mmole)   in  50%  a c e t i c   a c i d   ( 2 0  

ml)   and  N  HC1  ( 3 . 2   ml)  a t   25°  w i t h   s t i r r i n g .   The  m i x -  

t u r e   was  s t i r r e d   f o r   2  h r .   a t   2 5 ° .   A f t e r   t h i s   t i m e ,  



UV  s p e c t r u m   is  m o n i t o r e d .   When  UV  max  r e a c h e d   2 5 0  

mm,  t he   s o l u t i o n   was  n e u t r a l i z e d   w i t h   2  N  NaOH.  T h e  

r e s u l t i n g   p r e c i p i t a t e   was  f i l t e r e d   and  w a s h e d   w i t h  

H20.  Y i e l d   =  3 . 0 3   g  (75%)  m . p .  =   1 9 5 ° .  

An  a n a l y t i c a l   s a m p l e   was  r e c r y s t a l l i z e d   ( 3 x )  

f rom  w a t e r   y i e l d i n g   a  p r o d u c t   m . p .   2 0 2 ° .   A n a l .   C a l c .  

f o r   C 1 4 H 2 2 N 4 0 2 :   C,  6 0 . 4 0 ;   H,  7 . 9 6 ;   N ,  

2 0 . 1 3 .   F o u n d :   C,  6 0 . 4 0 ;   H,  7 . 9 0 ;   N,  2 0 . 1 2 .  

M e t h o d   K 

COMPOUND  NPT  1 5 4 2 6  

T h e r e   was  u s e d   t h e   p r o c e d u r e   of  H . J .  

S c h a e f f e r   and  S . F .   S c h w e n d e r ,   J.  Med.  Chem.  1 7 : 6  

( 1 9 7 4 ) .  

M e t h o d   L 

PREPARATION  OF  NPT  1 5 4 1 0  

0 .1   mmoles   of  9 - ( 2 - h y d r o x y - 3 - n o n y l ) - 6 - h y -  

d r o x y   p u r i n e ,   NPT  1 5 3 9 2   ( 2 7 . 9   mg)  and  0 .3   mmoles   o f  

2 - h y d r o x y p r o p y l ,   d i m e t h y l a m m o n i u m   4 - ( a c e t y l a m i n o ) b e n -  

z o a t e   ( D I P · P A c B A )   ( 7 7 . 1   mg)  were   a c c u r a t e l y   w e i g h e d  

and  d i s s o l v e d   in  105  ml  of  0.25%  s o d i u m   c a r b o n a t e  

(NaC03)   to   y i e l d   a  0.1%  s o l u t i o n   of  NPT  15410  ( t h e  

c o m p o u n d   f o r m e d   f r o m   NPT  15392   and  ( D I P · P A c B A )   in  a  

1:3  m o l a r   r a t i o ) .  

EVIDENCE  FOR  COMPLEX  FORMATION 

P h a s e   s o l u b i l i t y   s t u d i e s   c a r r i e d   o u t   w i t h  

NPT  15392   and  DIP ·PAcBA  d e m o n s t r a t e   t h a t   NPT  1 5 3 9 2  

has   i n c r e a s e d   s o l u b i l i t y   at   i n c r e a s i n g   c o n c e n t r a t i o n s  



of  D I P · P A c B A   u n d e r   c o n d i t i o n s   of  c o n s t a n t   pH..  T h i s  

i s   i n d i c a t i v e   of   an  i n t e r a c t i o n   o c c u r r i n g   in   s o l u t i o n  

to  y i e l d   a  c o m p l e x .  

In  p l a c e   of  t h e   m o l e   r a t i o   of  1 :3   (NPT  1 5 3 9 2  

and  D I P · P A c B A ) ,   o t h e r   c o m p l e x e s   a r e   f o r m e d   by  u s i n g  

m o l e   r a t i o s   of  1 :1   and  1 : 1 0 .  

A n t i v i r a l   a c t i v i t y   i s   shown  in  T a b l e s  

2  and  3 .  





BIOLOGICAL  A C T I V I T Y  

M e t h o d s  

A n t i - I n f l u e n z a   A c t i v i t y  -   ( H e m a d s o r p t i o n   A s s a y )  

Upon  i n f e c t i o n   of  a  m o n o l a y e r   of  t i s s u e   c u l -  

t u r e   c e l l s   by  i n f l u e n z a   v i r u s ,   t h e   c e l l   s u r f a c e   is  a l -  

t e r e d   so  t h a t   g u i n e a   p i g   e r y t h r o c y t e s   can  be  a d s o r b e d  

to  t h e   c e l l   s u r f a c e .   The  n u m b e r   of  f o c i   of  a d s o r b e d  

c e l l s   ( h e m a d s o r p t i o n   f o c i   f o r m i n g   u n i t s   HAFFU)  is  a  

q u a n t i t a t i v e   m e a s u r e   of  i n f e c t i v i t y .   The  m e t h o d   is  a s  

f o l l o w s .  

The  m o n o l a y e r s   w e r e   s u b c u l t u r e d   in  t h e   f o l -  

l o w i n g   m a n n e r :   The  m e d i u m   was  p o u r e d   o f f ,   and  t h e  

m o n o l a y e r   w a s h e d   two  t i m e s   w i t h   a p p r o x i m a t e l y   50  m l  

p e r   wash  of  c a l c i u m   and  m a g n e s i u m   f r e e   p h o s p h a t e   b u f -  

f e r e d   s a l i n e   ( P B S ) ,   (GIBCO  # 4 1 9 )   a t   a  pH  of   7 . 2 .   One  

ml  of  t r y p s i n - E D T A   s o l u t i o n   (GIBCO  #530L)   c o n t a i n i n g  

0 . 5   g  t r y p s i n ( 1 : 2 5 0 )   and  2 .0   g  E D T A / l i t e r   of  M o d i f i e d  

P u c k ' s   S a l i n e   A  was  a d d e d   a t   37°C  to  e a c h   f l a s k   a n d  

d i s p e r s e d   o v e r   t h e   m o n o l a y e r   w i t h   g e n t l e   s h a k i n g .   T h e  

f l a s k s   were   t h e n   p l a c e d   in  an  i n c u b a t o r   a t   37°C .   f o r  

a p p r o x i m a t e l y   3-5  m i n u t e s   d e p e n d i n g   on  t h e   t i m e   r e -  

q u i r e d   to  d i s l o d g e   t he   c e l l s .   O c c a s i o n a l   s h a k i n g   w a s  

r e q u i r e d .   Ten  ml  of  p l a n t i n g   medium  was  a d d e d   to  e a c h  

f l a s k   and  t he   c e l l s   d i s p e r s e d   by  a s p i r a t i n g   and  e x p e l -  

l i n g   t h e   s u s p e n s i o n   f r o m   t h e   p i p e t t e .   The  c o n t e n t s   o f  

a  s e r i e s   of  f l a s k s   we re   p o o l e d   and  the   c e l l s   in  t h e  

s u s p e n s i o n   w e r e   d i l u t e d   w i t h   p l a n t i n g   medium  to  7 - 8 . 5  

x  104  c e l l s / m l .   The  p l a n t i n g   medium  c o n s i s t e d   o f  

t he   f o l l o w i n g   c o m p o s i t i o n :   Minimum  E s s e n t i a l   M e d i u m  

E a g l e s   (MEM)  w i t h   E a r l e ' s   s a l t s   and  HEPES  b u f f e r  

(GIBCO  #236)   s u p p l e m e n t e d   by  a d d i n g   the   f o l l o w i n g  

s u b s t a n c e s   as  s p e c i f i e d   to   87  ml  of  MEM:  ° 



10  ml  of  f e t a l   c a l f   s e r u m   ( F C S - G I B C O  

# 6 1 4 H I )  

1  ml  of  L - g l u t a m i n e   (200  M o l a r - G I B C O   # 5 0 3 )  

1  ml  of  C h l o r t e t r a c y c l i n e   (5000  g / m l )  

GIBCO  # 5 2 8 )  

1  ml  of  1 0 , 0 0 0   u n i t s   p e n i c i l l i n ,   1 0 , 0 0 0   g  s t r e p -  

t o m y c i n   and  1 0 , 0 0 0   n e o m y c i n   m i x -  

t u r e   (PSN-GIBCO  # 5 6 4 )  

The  c e l l s   were   s u b c u l t u r e d   i n t o   L i n b r o   t i s -  

sue  c u l t u r e   t r a y s .   The  t r a y s   c o n s i s t e d   of  24  f l a t  

b o t t o m   w e l l s   e a c h   w i t h   a  3  ml  c a p a c i t y   pe r   w e l l ;   t h e  

c e l l   c u l t u r e   s u s p e n s i o n   (1  ml)  was  a d d e d   to  e a c h   w a l l .  

The  f o l l o w i n g   day  the   med ium  was  r e m o v e d   a n d  

r e p l a c e d   w i t h   f r e s h   p l a n t i n g   m e d i u m .   The  m o n o l a y e r s  

we re   u sed   f o r   e x p e r i m e n t a t i o n   when  t h e y   r e a c h e d   a  c o n -  

d i t i o n   in  w h i c h   t h e y   were   a l m o s t   c o n f l u e n t   ( a p p r o x i m -  

a t e l y   3-4  d a y s ) .  

When  t h e   L i n b r o   t r a y   HeLa  c e l l   c u l t u r e s   w e r e  

r e a d y   f o r   e x p e r i m e n t a t i o n   ( s e e   c e l l s ) ,   the   med ium  w a s  

d e c a n t e d   and  1  ml  of  m a i n t e n a n c e   medium  (MEM  w i t h   FCS 

r e d u c e d   to   3%)  c o n t a i n i n g   the   compound   b e i n g   t e s t e d   a t  

a  g i v e n   c o n c e n t r a t i o n   was  a d d e d   to  4  r e p l i c a t e   c u l -  

t u r e s   w i t h i n   a  t r a y .  

A  s e r i e s   of  d i f f e r e n t   d r u g   c o n c e n t r a t i o n s  

r a n g i n g   f r o m   2 .3   to   150  g / m l   were   u s e d .   M a i n t e n a n c e  

medium  a l o n e   was  u s e d   f o r   c o n t r o l   c u l t u r e s .   A f t e r   t h e  

a d m i n i s t r a t i o n   of  d r u g   and  c o n t r o l   m e d i u m ,   0 .1   ml  o f  

t he   d i l u t e d   v i r a l   s u s p e n s i o n   was  a d d e d   to  e x p e r i m e n t a l  

g r o u p s   and  i n f e c t e d  . c o n t r o l   c u l t u r e s .   S a l i n e   a l o n e  



was  a d d e d   to  n o n - i n f e c t e d   c o n t r o l   c u l t u r e s .   T h e  

L i n b r o   t r a y s   we re   t h e n   i n c u b a t e d   a t   37°C.   f o r   1 8  

h o u r s ,   a f t e r   w h i c h   m e d i a   in  a l l   g r o u p s   was  a s p i r a t e d .  

Each  c u l t u r e   was  w a s h e d   once   w i t h   PBS.  The  s a l i n e   w a s  

a s p i r a t e d   and  0 .5   ml  of  a  0.4%  v / v   g u i n e a   p i g   r e d  

b l o o d   c e l l   s u s p e n s i o n   in  PBS  was  a d d e d   to  e a c h   c u l t u r e  

w e l l .   The  c u l t u r e s   r e m a i n e d   a t   room  t e m p e r a t u r e   f o r  

30  m i n u t e s   a f t e r   w h i c h   t he   med ium  was  d e c a n t e d   a n d  

c u l t u r e   w a s h e d   2  t i m e s   w i t h   PBS  to  r e m o v e   a l l   b u t   t h e  

s p e c i f i c a l l y   bound   r e d   c e l l s .   A f t e r   t he   t h i r d   w a s h ,  

m a i n t e n a n c e   med ium  was  a d d e d   to   a l l   c u l t u r e s .  

A  Howard   M i c r o m e t e r   e y e p i e c e   ( C 8 3 8 5 )   w a s  

i n s e r t e d   w i t h i n   t he   o c u l a r   of   a  N i k o n   i n v e r t e d   p h a s e  

c o n t r a s t   m i c r o s c o p e .   Each  c u l t u r e   was  s c a n n e d   w i t h   a  

4  x  low  p a p e r   o b j e c t i v e   and  d i r e c t   c o u n t s   of  h e m a d -  

s o r b e d   r ed   c e l l s   were   c o u n t e d   u s i n g   t he   e y e p i e c e   g r i d  

as  a  f i e l d   m a r k e r .   P a r t i a l   or  c o m p l e t e   f i e l d s   w e r e  

c o u n t e d   p e r   e x p e r i m e n t a l   g r o u p   d e p e n d i n g   on  t he   r e -  

s u l t i n g   n u m b e r   and  d e n s i t y   of  h e m a d s o r b e d   c e l l s   in  t h e  

i n f e c t e d   c o n t r o l   c u l t u r e s .   M a g n i f i c a t i o n   of  60  x  o r  

150  x  w e r e   c h o s e n   to   o b t a i n   t he   b e s t   c o n d i t i o n s   f o r  

e n u m e r a t i n g   t h e   h e m a d s o r b e d   c e l l s .   F i e l d   f a c t o r s   w e r e  

c a l c u l a t e d   f o r   c o u n t i n g   h e m a d s o r p t i o n   a t   60  x  a n d  

150  x . '   At  60  x  m a g n i f i c a t i o n ,   t o t a l   f i e l d   c o u n t   w a s  

c a l c u l a t e d   u s i n g   a  m u l t i p l i c a t i o n   f a c t o r   of  5 5 . 5 .   A t  

150  x  m a g n i f i c a t i o n   t he   m u l t i p l i c a t i o n   f a c t o r   was  2 7 3 .  

The  m u l t i p l i c a t i o n   f a c t o r s   of   5 5 . 5   and  273  r e p r e s e n t  

t h e   t o t a l   n u m b e r   of  f i e l d s   a t   60x  and  150  x  m a g n i f i -  

c a t i o n s ,   r e s p e c t i v e l y .   The  n u m b e r   of   f i e l d s   c o u n t e d  

r a n g e d   f rom  3  to   5  p e r   w e l l   w i t h   3  to   4  w e l l s   p e r  

t r e a t m e n t   g r o u p   e m p l o y e d   ( s e e   raw  d a t a   t a b l e s   i n  



r e s u l t s   s e c t i o n   f o r   n u m b e r   of  f i e l d s   e x a m i n e d ) .   M e a n s  

and  s t a n d a r d   e r r o r s   were   c a l c u l a t e d   and  the   d a t a   w a s  

e v a l u a t e d   u s i n g   s t u d e n t ' s   t - t e s t   a n a l y s i s .  

BIOLOGICAL  A C T I V I T Y  

A n t i - H e r p e s   A c t i v i t y  -   ( P l a q u e   A s s a y )  

The  i n f e c t i o n   of  t i s s u e   c u l t u r e   c e l l s   b y  

H e r p e s   v i r u s   c a u s e s   c e l l   l y s i s .   A f t e r   a  p e r i o d   o f  

t i m e   t h e s e   l y s e d   c e l l s   a re   v i s u a l i z e d   as  a  t i n y   c l e a r  

a r e a   ( p l a q u e )   on  a  l a y e r   of  c e l l s .   The  i n c o r p o r a t i o n  

of  a  t e s t   s u b s t a n c e   i n t o   the   m e d i a   w i l l   r e d u c e   t h e  

n u m b e r   of  p l a q u e s   i f   i t   is  c a p a b l e   of  p r e v e n t i n g   v i r u s  

r e p l i c a t i o n .   The  m e t h o d   is  as  f o l l o w s :  

MATERIALS  AND  METHODS 

V i r u s  

T h e r e   was  e m p l o y e d   h e r p e s   h o m i n i s   t y p e   2 

p u r c h a s e d   f rom  A m e r i c a n   Type  C u l t u r e   C o l l e c t i o n  

(ATCC) ,   B e t h e s d a ,   M a r y l a n d ,   ATCC  #VR  540 ,   Lot   3D.  T h e  

l y p o t h i l i z e d   v i r a l   s u s p e n s i o n   was  r e c o n s t i t u t e d   w i t h   1 

ml  s t e r i l e   d i s t i l l e d   H20.  The  v i r u s   was  p a s s e d  

t w i c e   t h r o u g h   H e L a - c e l l   m o n o l a y e r s .   The  t i s s u e - c u l -  

t u r e   s u p e r n a t e s   we re   p o o l e d ,   d i s p e n s e d   in  1 -ml   a l i -  

q u o t s ,   and  s t o r e d   a t   - 7 0 ° C .   The  t i t e r   of  t h i s   w o r k -  

i n g - s t o c k   s u s p e n s i o n   was  f o u n d   to  be  1 0 - 4  

T C I D 5 0 / 0 . l   ml  (2  d a y s '   i n c u b a t i o n ) .  



H e r p e s   V i r u s   P l a q u e   A s s a y  

V e r o   c e l l s   in  l o g - g r o w t h   p h a s e   w e r e   s u b c u l -  

t u r e d   a t   a  c o n c e n t r a t i o n   of  l x l 0 5   c e l l s / m l   in  5 0 - m l  

F a l c o n   f l a s k s   in  E a g l e ' s   Minimum  E s s e n t i a l   M e d i u m  

(MEM),  s u p p l e m e n t e d   w i t h   10%  f e t a l   c a l f   s e r u m   ( F C S )  

and  a n t i b i o t i c s .   Med ia   we re   c h a n g e d   t he   day  f o l l o w i n g  

p l a n t i n g .   The  V e r o   m o n o l a y e r s   r e a c h e d   c o n f l u e n c e   b y  

t h e   s e c o n d   day  a f t e r   p l a n t i n g   and  w i t h   t he   c e l l s   i n  

l o g   p h a s e ,   t h e   c u l t u r e s   we re   u s e d   f o r   t h e   p l a q u e  

a s s a y .  
C u l t u r e   m e d i a   we re   p o u r e d   o f f   and  t h e   m o n o -  

l a y e r s   we re   w a s h e d   once   w i t h   p h o s p h a t e - b u f f e r e d   s a l i n e  

( P B S ) .   S e v e r a l   d i f f e r e n t   d i l u t i o n s   of  t h e   w o r k i n g -  

s t o c k   v i r u s   s u s p e n s i o n   w e r e   p r e p a r e d   and  e a c h   c u l t u r e  

f l a s k   was  i n f e c t e d   w i t h   0 . 5  m l   of  one  of   t h e   v i r u s   d i -  

l u t i o n s   a d d e d   to  F S C - f r e e   m e d i u m .   T h i s   med ium  c o n -  

t a i n e d   d r u g   a t   a  c o n c e n t r a t i o n   of  150  p g / m l .   C o n t r o l s  

w e r e   p r e p a r e d   w i t h   med ium  d e v o i d   of  d r u g .  

V i r u s   a d s o r p t i o n   was  a l l o w e d   to  p r o c e e d   f o r  

2  h o u r s   a t   3 7 ° C ,   d u r i n g   w h i c h   t i m e   the   c u l t u r e s   w e r e  

r o c k e d   g e n t l y   e v e r y   15  m i n u t e s .   Then   M e d i a   w e r e  

p o u r e d   o f f   and  t h e   m o n o l a y e r s   we re   w a s h e d   once   w i t h   10  

ml  P B S .  

A g a r o s e   was  p r e p a r e d   a t   a  c o n c e n t r a t i o n   o f  

6%  w/v  in  50  ml  PBS.  A  s t o c k   med ium  of  MEM  s u p p l e m e n -  

t e d   w i t h   2%  FCS  was  p r e p a r e d .   Drug  was  a d d e d   to  s o m e  

of  t h e   s t o c k   medium  a t   1 5 0  p g / m l .   The  t h r e e   s o l u t i o n s  

w e r e   m a i n t a i n e d   a t   47°C .   In  a d d i t i o n ,   a  1 : 1 0   d i l u t i o n  

of  p o o l e d   human  a n t i - h e r p e s   s e r a   was  r e a d i e d .   J u s t  

b e f o r e   t h e   s t a r t   of  t r e a t m e n t ,   15  ml  of  t he   a g a r o s e  

s o l u t i o n   was  a d d e d   t o   85  ml  of  m e d i u m .   A n o t h e r   15  m l  

of  a g a r o s e   we re   a d d e d   to  85  ml  of  d r u g - m e d i u m .  



Each  of  t h e   w a s h e d   m o n o l a y e r s   in  one  g r o u p  
of  e x p e r i m e n t s   was  t r e a t e d   e i t h e r   w i t h   5  ml  of  a g a -  
r o s e - m e d i u m   or  w i t h   5  ml  of  a g a r o s e - d r u g - m e d i u m .   I n  

a n o t h e r   g r o u p   of  e x p e r i m e n t s ,   e a c h   m o n o l a y e r   was  t r e a -  

t ed   e i t h e r   w i t h   0 .2   ml  of  a n t i - h e r p e s   s e r a   in  5  ml  o f  

s t o c k   m e d i u m ,   or  w i t h   0 .2   ml  of  a n t i - h e r p e s   s e r a   in  5 

ml  of  d r u g - m e d i u m .   The  a n t i - h e r p e s   s e r a   we re   u s e d   i n  

p l a c e   of  a g a r o s e   to  l o c a l i z e   p l a q u e s   by  n e u t r a l i z i n g  

any  f r e e   v i r u s   in  t h e   m e d i u m .   The  f l a s k s   we re   a l l o w e d  

to  r e m a i n   at   room  t e m p e r a t u r e   f o r   5  m i n u t e s ,   a f t e r  

w h i c h   t h e y   were   i n c u b a t e d   a t   37°C  f o r   2  d a y s .   T r i p l i -  

c a t e   c u l t u r e s   were   u sed   f o r   m o s t   t r e a t m e n t   g r o u p s .  
Ten  ml  of  PBS  t h e n   we re   a d d e d   to  e a c h   f l a s k .  

O v e r l a y s   we re   s h a k e n   g e n t l y   and  t h e n   were   p o u r e d   o u t  

of  t h e   f l a s k s .   The  m o n o l a y e r s   w e r e   s t a i n e d   w i t h   a  

s o l u t i o n   0.5%  w/v  c r y s t a l   v i o l e t   in  50%  m e t h a n o l   i n  

t r i p l e - d i s t i l l e d   H 2 0 .  

P l a q u e s   we re   c o u n t e d   e i t h e r   d i r e c t l y   b y  

t r a n s m i t t e d   f l u o r e s c e n t   l i g h t   and  m a c r o v i e w i n g ,   or  b y  

t h e   u se   of  l i g h t   m i c r o s c o p y   f o r   m i c r o p l a q u e s .   M i c r o -  

p l a q u e s   were   c o u n t e d   by  a v e r a g i n g   t h r e e   f i e l d s   p e r  

e x p e r i m e n t a l   g r o u p   u n d e r   150x  m a g n i f i c a t i o n .  

In  o t h e r   t e s t s   of  a n t i v i r a l   a c t i v i t y   t h e  

f o l l o w i n g   r e s u l t s   we re   o b t a i n e d .  



A d d i t i o n a l   a n t i v i r a l   a c t i v i t y   t e s t s   o f  

Compound   NPT  15410  a r e   shown  in  T a b l e   3 a .  











S e v e r a l   c o m p o u n d s   were   t e s t e d   f o r   M i t o g e n  

I n d u c e d   M u r i n e   L y m p h o c y t e   P r o l i f e r a t i o n   w i t h   the   f o l -  

l o w i n g   r e s u l t s :  

BIOLOGICAL  A C T I V I T Y  

I m m u n o m o d u l a t i n g   A s s a y  

The  f o l l o w i n g   t h r e e   a s s a y   p r o c e d u r e s   a r e  

u s e d   to  e v a l u a t e   t he   a b i l i t y   of  t he   t e s t   s u b s t a n c e s   t o  

m o d u l a t e   t h e   a c t i v i t y   of  s e v e r a l   c l a s s e s   of  c e l l s   i n  

t he   immune  s y s t e m .   In  t h e s e   s y s t e m s   i t   is  p o s s i b l e   t o  

i d e n t i f y   b o t h   i m m u n o p o t e n t i a t i n g   a c t i v i t y   ( e v i d e n c e   b y  

an  e n h a n c e m e n t   of  t he   p a r a m e t e r   e x a m i n e d )   as  w e l l   a s  

i m m u n o s u p p r e s s a n t   a c t i v i t y   ( e v i d e n c e d   by  an  i n h i b i t i o n  

of  t he   p a r a m e t e r   e x a m i n e d ) .  



1.  M i t o g e n - I n d u c e d   Mouse  S p l e e n   C e l l   A s s a y  
Mouse  s p l e e n   c e l l s   c o n t a i n   a  p o p u l a t i o n   o f  

b o t h   B  a n d   T  l y m p h o c y t e s   w h i c h   can  be  s t i m u l a t e d   by  a  

n u m b e r   of  f o r e i g n   s u b s t a n c e s   ( e . g . ,   p l a n t   m i t o g e n s  

s u c h   as  Con  A)  to   p r o l i f e r a t e .   T h i s   e n h a n c e d   p r o l i -  

f e r a t i o n   is  an  i n d i c a t i o n   of  e n h a n c e d   c e l l   m e d i a t e d  

i m m u n i t y .   The  m e t h o d   b e l o w   d e s c r i b e s   t h e   s y s t e m   u s e d  

to  e v a l u a t e   t e s t   s u b s t a n c e s   as  i m m u n o p o t e n t i a t o r s .  

MATERIALS 

C o n c a n a v a l i n   A  ( C a l b i o c h e m ,   La  J o l l a ,  

C a l i f o r n i a ) ,   Lo t   # 2 1 0 0 7 3 ,   l y o p h i l i z e d   in  N a C l ,   w a s  

p r e p a r e d   f i r s t   as  a  1%  s o l u t i o n   and  d i l u t e d   as  a  2X 

c o n c e n t r a t i o n   f o r   e a c h   d i l u t i o n   ( 0 . 5 ,   1 . 0 ,   2 .5   u g / m l ) .  

A n i m a l s  

S ix   to   e i g h t   week   o l d   m a l e   B a l b / c   and  C3H 
i n b r e d   m ice   w e r e   o b t a i n e d   f rom  t h e   f o l l o w i n g   s o u r c e s :  

Flow  r e s e a r c h   A n i m a l s ,   I n c . ,   D u b l i n ,   V i r g i n i a ;   C h a r l e s  

R i v e r   B r e e d i n g   L a b o r a t o r i e s ,   W i l m i n g t o n ,   M a s s a c h u s e t t s ;  

L a b o r a t o r y   S u p p l y   C o m p a n y ,   I n d i a n a p o l i s ,   I n d i a n a ;   a n d  

L i o n e l   S t r o n g   F o u n d a t i o n ,   San  D i e g o ,   C a l i f o r n i a .  

C e l l s  

T h r e e   to   f i v e   m i c e   we re   s a c r i f i c e d   by  c e r v i -  

c a l   d i s l o c a t i o n   and  t h e   s p l e e n s   a s e p t i c a l l y   r e m o v e d .  

P o o l e d   s p l e e n s   were   m i n c e d   and  t e a s e d   w i t h   s t e r i l e  

f o r c e p s ;   t h e n   s t r a i n e d   t h r o u g h   a  d o u b l e   l a y e r   of  n y l o n  

m e s h .   The  c e l l   s u s p e n s i o n   was  w a s h e d   once   w i t h   15  m l  

of  RPMI  1640  s u p p l e m e n t e d   w i t h   5%  f e t a l   c a l f   s e r u m   a n d  

a n t i b i o t i c s .   C e l l s   we re   c u l t u r e d   a t   a  c o n c e n t r a t i o n  

of   106  c e l l s / 0 . 1   m l / w e l l   in  m i c r o - p l a t e s .   C u l t u r e s  



w e r e   i n c u b a t e d   in  t h e   p r e s e n c e   or  a b s e n c e   of  m i t o g e n  

in  a  h u m i d i f i e d   a t m o s p h e r e   c o n t a i n i n g   5%  C02  f o r   48  

h o u r s .   The  t e s t   c o m p o u n d   was  a d d e d   to  c u l t u r e s   a t  

v a r i o u s   c o n c e n t r a t i o n s   c o n c o m m i t a n t   w i t h   m i t o g e n .  

P r o l i f e r a t i o n  

P r o l i f e r a t i o n   was  a s s a y e d   by  the   d e g r e e   o f  

i n c o r p o r a t i o n   of  1 .0   Ci  of  [3H]  t h y m i d i n e   o v e r   a n  

18  h o u r   i n c u b a t i o n   p e r i o d .   C u l t u r e s   were   h a r v e s t e d   b y  

a  MASH  u n i t   ( O t t o   H i l l e r   C o . ,   M a d i s o n ,   W i s c o n s i n )   a n d  

t h y m i d i n e   i n c o r p o r a t i o n   was  a s s a y e d   by  l i q u i d   s c i n t i l -  

l a t i o n   s p e c t r o m e t r y .   C u l t u r e s   were   p e r f o r m e d   in  t r i -  

p l i c a t e   and  d a t a   a r e   e x p r e s s e d   as  means   p l u s   or  m i n u s  

t h e   s t a n d a r d   e r r o r   of  t he   e x p e r i m e n t a l   m e a n s .   D r u g  
s t i m u l a t i o n   i n d i c e s   o v e r   c o n t r o l   v a l u e s   were   a l s o  

c a l c u l a t e d   and  p o r t r a y e d   g r a p h i c a l l y .  

2.  M i t o g e n   I n d u c e d   Human  P e r i p h e r a l   B l o o d  

L y m p h o c y t e s  -   A  c l i n i c a l   need   e x i s t s   f o r   t h e r a p e u t i c  

a g e n t s   to  a u g m e n t   t he   immune  r e s p o n s e   in  p a t i e n t s   w i t h  

d e f i c i e n t   or   d e p r e s s e d   immune  s t a t e s ,   s u c h   as  e x i s t s  

in  v i r a l   d i s e a s e s   or  c a n c e r .   By  s t u d y i n g   the   a b i l i t y  

of  a g e n t s   to  a u g m e n t   t he   p r o l i f e r a t i o n   of  human  p e r i -  

p h e r a l   b l o o d   l y m p h o c y t e s   in  r e s p o n s e   to  a  f o r e i g n   s u b -  

s t a n c e   one  can   i d e n t i f y   a g e n t s   w i t h   i m m u n o p o t e n t i a t i n g  

a c t i v i t y   in  man.  The  p r o c e d u r e   is  t h a t   j u s t   s e t   f o r t h  

and  t h a t   a l s o   d e s c r i b e d   by  H a d d e n ,  J . W . ,   I n f e c t .   & 

I m m u n i t y ,   F e b r u a r y ,   1 9 7 6 ,   p a g e s   3 8 2 - 3 8 7 ,   e s p e c i a l l y  

p a g e s   3 8 2 - 3 8 3 .  



3.  The  m a c r o p h a g e   r e p r e s e n t s   a  s u b p o p u l a -  
t i o n   of  w h i t e   b l o o d   c e l l s   w h i c h   is  an  i m p o r t a n t   c o m p o -  
n e n t   of   t he   immune  s y s t e m   in  c o n t r o l   of   b o t h   c e l l u l a r  

and  h u m o r a l   i m m u n i t y .   The  a s s a y   s y s t e m   d e s c r i b e d  

b e l o w   e v a l u a t e s   t h e   s u b s t a n c e s   s t u d i e d   as  p o t e n t i a t o r s  

of  m a c r o p h a g e   f u n c t i o n .  

P h y t o h e m a g g l u t i n i n   (PHA)  (HA-17)   was  p u r -  
c h a s e d   f rom  B u r r o u g h s   W e l l c o m e .   A  p r e p a r a t i o n   c o n -  

t a i n i n g   M a c r o p h a g e   M i t o g e n   F a c t o r   (MMF)  and  M a c r o p h a g e  

A c t i v a t i n g   F a c t o r   (MAF)  was  p r e p a r e d   f rom  a n t i g e n - s t i -  

m u l a t e d   immune  lymph  node   l y m p h o c y t e s   ( g u i n e a   p i g )   a s  

p r e v i o u s l y   d e s c r i b e d   by  H a d d e n   e t   a l ,   N a t u r e   2 5 7 ,   4 8 3 -  

485  ( 1 9 7 5 ) .   P a r t i a l   p u r i f i c a t i o n   of  t h i s   p r e p a r a t i o n  

by  v a c u u m   d i a l y s i s   and  s e p h a d e x   G-100  c o l u m n   c h r o m a t o -  

g r a p h y   y i e l d e d   an  a c t i v e   f r a c t i o n   in  t h e   r a n g e   of  3 5 -  

7 0 , 0 0 0   d a l t o n s   e x h i b i t i n g   b o t h   m i t o g e n i c   and  a c t i v a t -  

ing  p r o p e r t i e s .   The  a c t i v e   f r a c t i o n   was  e m p l o y e d   i n  

b o t h   t h e   p r o l i f e r a t i o n   and  a c t i v a t i o n   a s s a y s .  

M e t h o d s  

F i c o l l - h y p a q u e   p u r i f i e d   human  p e r i p h e r a l  

b l o o d   l y m p h o c y t e s   w e r e   p r e p a r e d   and  P H A - i n d u c e d   l y m p h -  

o c y t e   p r o l i f e r a t i o n   was  a s s a y e d   by  t he   i n c o r p o r a t i o n  

of  t r i t i a t e d   t h y m i d i n e   as  d e s c r i b e d   in  Hadden   e t   a l ,  

C e l l .   I m m u n o l .   2 0 ,  9 8 - 1 0 3   ( 1 9 7 5 ) .   Each   c o m p o u n d   w a s  

a n a l y z e d   in  t h e   p r e s e n c e   of  s u b o p t i m a l ,   o p t i m a l   a n d  

s u p r a o p t i m a l   c o n c e n t r a t i o n s   of   PHA  ( . 0 0 1 ,   . 0 1 ,   0 . 1  

u n i t s / m l   r e s p e c t i v e l y ) .   P a r a f i n   o i l - i n d u c e d   g u i n e a  

p i g   p e r i t o n e a l   m a c r o p h a g e s   w e r e   p r e p a r e d   and  i n c u b a t e d  

as  m o n o l a y e r   c u l t u r e   (>98%  p u r e   m a c r o p h a g e s ) .   L y m p h o -  

k i n e   ( M M F ) - i n d u c e d   p r o l i f e r a t i o n   was  a s s a y e d   by  t h e  



i n c o r p o r a t i o n   of  t r i t i a t e d   t h y m i d i n e   a t   3  and  5  d a y s  

of  c u l t u r e   as  d e s c r i b e d ,   Hadden   e t   a l ,   N a t u r e   2 5 7 ,  

4 8 3 - 4 8 5   ( 1 9 7 5 ) .   L y m p h o k i n e   ( M A F ) - i n d u c e d   m a c r o p h a g e  

a c t i v a t i o n   to  k i l l   L i s t e r i a   m o n o c y t o g e n e s   f o l l o w i n g   5 

d a y s   of  c u l t u r e   in  t he   p r e s e n c e   or  a b s e n c e   of  MAF  w a s  

p e r f o r m e d   d u r i n g   a  6  h o u r   p e r i o d   as  d e s c r i b e d   i n  

H a d d e n   and  E n g l a n d ,   I m m u n o p h a r m a c o l o g y ,   p a g e s   8 7 - 1 0 0  

( P l e n u m   P r e s s ,   1 9 7 7 ) .   P h a g o c y t o s i s   was  q u a n t i t a t e d  

d u r i n g   a  2 0 - m i n u t e   e x p o s u r e   to  L i s t e r i a   m o n o c y t o g e n e s  

by  c o u n t i n g   t he   n u m b e r   of  m a c r o p h a g e s   c o n t a i n i n g   b a c -  

t e r i a   and  t h e   n u m b e r   of  b a c t e r i a   p e r   p h a g o c y t i c   c e l l  

o n , g r a m   s t a i n e d   m o n o l a y e r s   in  L a b t e k   c h a m b e r s .   I n t r a -  

c e l l u l a r   k i l l i n g   of  b a c t e r i a   was  e v a l u a t e d   by  c o u n t i n g  

t h e   n u m b e r   of  c e l l s   c o n t a i n i n g   b a c t e r i a   and  the   n u m b e r  

of  b a c t e r i a / c e l l   6  h o u r s   a f t e r   t h e   i n i t i a l   20  m i n u t e  

e x p o s u r e .   P a r a l l e l   e x p e r i m e n t s   in  w h i c h   m a c r o p h a g e s  

w e r e   l y s e d   and  i n t r a c e l l u l a r   b a c t e r i a   were   c u l t u r e d  

c o n f i r m   the   v a l i d i t y   of  b a c t e r i a l   a c t i v i t y   d e t e r m i n e d  

by  t h i s   m a n n e r   in  t h i s   s y s t e m .   The  d r u g s   were   e m -  

p l o y e d   in  e a c h   of  t he   t h r e e   s y s t e m s   o v e r   s e r i a l   l o g  

c o n c e n t r a t i o n   r a n g e   in  t r i p l i c a t e   in  t he   p r e s e n c e   a n d  

a b s e n c e   of  m i t o g e n   or  l y m p h o k i n e .   Each  t y p e   of  e x -  

p e r i m e n t   was  p e r f o r m e d   a t   l e a s t   t h r e e   t i m e s .   P r e v i o u s  

e x p e r i m e n t s   i n d i c a t e   a  p a r a l l e l i s m   of  r e s p o n s e   t o  

p h a r m a c o l o g i c   m o d u l a t i o n   in  t he   p r o l i f e r a t i o n   a n d  

a c t i v a t i o n   a s s a y s .  



BIOLOGICAL  A C T I V I T Y  

A n t i - L e u k e m i c   A c t i v i t y   ( I n h i b i t i o n   of  L - 1 2 1 0  

G r o w t h  

L e u k e m i c   c e l l s   i s o l a t e d   f rom  mice   b e a r i n g  

t h e   L - 1 2 1 0   t u m o r   a r e   c u l t u r e d   in  v i t r o   and  t h e i r  

g r o w t h   can   be  m e a s u r e d   by  c o u n t i n g   t he   n u m b e r   of  c e l l s  

in  t h e   c u l t u r e   o v e r   a  p e r i o d   of  t i m e .   The  i n c o r p o r a -  

t i o n   of  a  t e s t   s u b s t a n c e   i n t o   t h e   m e d i a   w i l l   p r e v e n t  

t h e   g r o w t h   of  t h e   l e u k e m i c   c e l l s ,   an  i n d i c a t i o n   of  a n  

e f f e c t i v e   a n t i - l e u k e m i c   a g e n t .  

I50  ( c o n c e n t r a t i o n   of   d r u g   i n h i b i t i n g  

g r o w t h   of  L - 1 2 1 0 )   by %  f o r   t he   t e s t e d   c o m p o u n d s   was  a s  

f o l l o w s :  

The  a s s a y   s y s t e m   u s e d   is  s e t   f o r t h   b e l o w .  

To  M e a s u r e   I n h i b i t i o n   of   L e u k e m i c   C e l l   ( L - 1 2 1 0 )  

G r o w t h  

C h e c k   to  s ee   t h a t   t h e r e   is  a d e q u a t e   c e l l  

g r o w t h   in  t h e   s t o c k   c u l t u r e s .   Use  c e l l s   4 8 - 7 2   h o u r s  

a f t e r   t r a n s f e r s   a r e   d o n e .  



Weigh  o u t   t he   d r u g s   a t   50  t i m e s   t he   d e s i r e d  

f i n a l   c o n c e n t r a t i o n   and  made  s e r i a l   d i l u t i o n s .  

Make  up  t h e   f i n a l   medium  u s i n g   500  m l s  

M c C o y ' s   5A  m e d i u m ,   15%  f e t a l   c a l f   s e r u m ,  5   mls  p e n i c i -  

l l i n - s t r e p t o m y c i n   s o l u t i o n ,   and  5  mls   a n t i b i o t i c - a n t i -  

m y c o t i c   s o l u t i o n   and  l e t   i t   s t a n d   at  room  t e m p e r a t u r e .  

U s i n g   s t e r i l e   t e c h n i q u e ,   add  0 .1   ml  of  t h e  

d r u g   d i l u t i o n s   to  e a c h   t u b e .  

Add  an  a p p r o p r i a t e   q u a n t i t y   of  c e l l s   to  t h e  

p r e p a r e d   m e d i u m .   A f t e r   m i x i n g ,   r e m o v e   a  0 .5   ml  s a m -  

p l e ,   p l a c e   i t   in  a  v i a l   c o n t a i n i n g   9 .5   mls   of  s a l i n e ,  

and  c o u n t   i t   on  t h e   C o u l t e r   C o u n t e r .   M u l t i p l y   t h e  

c o u n t   by  40  to  c o m p e n s a t e   f o r   t h e   40  f o l d   d i l u t i o n  

( 0 . 5   ml  i n t o   0 .5   ml  s a l i n e   and  r e c o r d   t he   i n o c u l u m ) .  

Add  5  mls   of  c e l l   s u s p e n s i o n   to  e a c h   t u b e .  

S w i r l   t he   b o t t l e   e v e r y   4  t u b e s   to  i n s u r e   a  more  u n i -  

f o r m   d i s t r i b u t i o n   of  c e l l s .  

T i g h t e n   t h e   c a p s   and  p l a c e   in  t he   C02  i n -  

c u b a t o r   a t   3 6 - 3 8 °   f o r   96  h o u r s .  

A f t e r   96  h o u r s   r e m o v e   t he   t u b e s   f rom  t h e  

i n c u b a t o r   and  c o u n t   t he   c o n t e n t s   of  each   on  t h e  

C o u l t e r   C o u n t e r .   M u l t i p l y   a l l   c o u n t s   by  40  and  a v e -  

r a g e   the   f o u r   c o u n t s   f o r   e a c h   d r u g   d i l u t i o n .   If   t h e  

c o u n t   is   l e s s   t h a n   t he   i n o c u l u m ,   r e c o r d   100%  i n h i b i -  

t i o n .   If   t he   c o u n t   is  g r e a t e r   t h a n   the   a v e r a g e   of  t h e  

e i g h t   c o n t r o l   c o u n t s ,   r e c o r d   0%  i n h i b i t i o n .   For   a l l  

o t h e r   c o u n t s   use   t he   f o l l o w i n g   f o r m u l a :  



1 0 0 %  -   %  s u r v i v a l   =  i n h i b i t i o n   of  g r o w t h   due  to  t r e a t -  

m e n t .  

The  s u b j e c t   c o m p o u n d s   of  t h i s   i n v e n t i o n   h a v e  

b e e n   shown  to  i n h i b i t   t he   r e p l i c a t i o n   of  a  r e p r e s e n t -  
a t i v e   s a m p l e   of  b o t h   RNA  and  DNA  v i r u s e s   u s i n g   s t a n -  

d a r d   t i s s u e   c u l t u r e   t e c h n i q u e s .   In  t he   c a s e   of  t h e  

RNA  v i r u s e s ,   s e v e r a l   s t r a i n s   of  i n f l u e n z a   v i r u s   b e -  

l o n g i n g   to  b o t h   t h e   A  and  B  s u b - t y p e s   we re   shown  to  b e  

i n h i b i t e d ,   u s i n g   t h e   h e m a d s o r p t i o n   t e c h n i q u e   ( S e c t i o n  

I I ,   B) .   The  s p e c i f i c   c o m p o u n d s   f o u n d   to  i n h i b i t   i n -  

f l u e n z a   v i r u s   r e p l i c a t i o n   (Type   A/USSR  90)  a r e   s h o w n  

in  T a b l e   1.  S e v e r a l   m e m b e r s   of  t h e   S e r i e s   NPT  1 5 3 9 2 ,  

NPT  1 5 4 1 0 ,   NPT  1 5 4 1 7 ,   and  NPT  15418   we re   shown  t o  

i n h i b i t   t he   r e p l i c a t i o n   of  a t   l e a s t   4  d i f f e r e n t  

s t r a i n s   of  i n f l u e n z a   v i r u s   a t   c o n c e n t r a t i o n s   r a n g i n g  

f r o m   1 - 1 5 0   g / m l .  

In  a d d i t i o n ,   s e v e r a l   m e m b e r s   of  t he   S e r i e s ,  

NPT  15410   and  1 5 3 9 2 ,   h a v e   b e e n   shown  to  i n h i b i t .   t h e  

r e p l i c a t i o n   of  H e r p e s   S i m p l e x   v i r u s ,   a  member   of  t h e  

DNA  c l a s s   of  v i r u s e s   and  a  v i r u s   r e s p o n s i b l e   f o r  

s e v e r e   m u c o c u t a n e o u s   l e s i o n s   in  man,   a l o n g   w i t h   t h e  

f a t a l   H e r p e s   e n c e p h a l i t i s .   O t h e r   m e m b e r s   of  t h i s  

c l a s s   of  v i r u s e s   a r e   r e s p o n s i b l e   f o r   h o o f   and  m o u t h  

d i s e a s e   in  s w i n e   and  c a t t l e   and  i n f e c t i o n s   r h i n o t r a -  

c h e i t i s   in  c a t s   and  k e n n e l   c o u g h   in  d o g s .   E v e n  



c o n c e n t r a t i o n s   l e s s   t h a n   100  µ g / m l   of  NPT  15392  a n d  

1 5 4 1 0   were   f o u n d   to  r e d u c e   p l a q u e   f o r m a t i o n   c a u s e d   b y  

H e r p e s   S i m p l e x   v i r u s   to   an  e x t e n t   of  >90%.  O t h e r   mem-  

b e r s   of  t h e   RNA  and  DNA  c l a s s   of  v i r u s e s   a r e   shown  i n  

T a b l e   5  and  a r e   r e s p o n s i b l e   f o r   t he   d i s e a s e s   s p e c i -  

f i e d .   Of  a l l   t he   d i s e a s e s   in  the   w o r l d   at   l e a s t   25% 

a r e   known  to  be  c a u s e d   by  v i r u s e s .   In  a d d i t i o n ,   a  

n u m b e r   of  v i r u s e s   have   b e e n   i s o l a t e d   t h a t   a r e   shown  t o  

p r o d u c e   t u m o r s .   T h u s ,   a n t i v i r a l   a g e n t s   may  be  e x p e c -  
t ed   t o ,   by  t h e m s e l v e s ,   h ave   some  a n t i t u m o r   p r o p e r t i e s .  

I t   is  an  e s t a b l i s h e d   f a c t   t h a t   many  i n f e c t -  

i o u s   a g e n t s ,   such   as  v i r u s e s   ( i n f l u e n z a   v i r u s ,   HSV,  

F r i e n d   l e u k e m i a   v i r u s ) ,   b a c t e r i a   and  f u n g i   c a u s e   a n  

immune  s u p p r e s s e d   s t a t e   in  t he   h o s t ,   w e a k e n i n g   h i s  

d e f e n s e s   to  i n f e c t i o n   by  i n f e c t i o u s   a g e n t s .   M o s t  

o t h e r   a n t i v i r a l   a n t i m e t a b o l i t e   s u b s t a n c e s ,   l i k e   A r a C ,  

c a u s e   a  s u p p r e s s i o n   of  h o s t   immune  d e f e n s e   m e c h a n i s m s ,  

t h e r e b y   e x h i b i t i n g   p o t e n t i a l   to  l e s s e n   the   b o d y ' s   own 

n a t u r a l   d e f e n s e   m e c h a n i s m s   and  e n h a n c e   s e c o n d a r y   i n -  

f e c t i o n .  

An  i m m u n o p o t e n t i a t o r   or  i m m u n o m o d u l a t o r   i s  

any  a g e n t   w h i c h   e i t h e r   r e s t o r e s   d e p r e s s e d   immune  f u n c -  

t i o n ,   o r   e n h a n c e s   n o r m a l   immune  f u n c t i o n ,   or  b o t h .  

Immune  f u n c t i o n   is  d e f i n e d   as  t he   d e v e l o p m e n t   and  e x -  

p r e s s i o n   of   h u m o r a l   ( a n t i b o d y - m e d i a t e d )   i m m u n i t y ,   c e l -  

l u l a r   ( t h y m o c y t e - m e d i a t e d )   i m m u n i t y ,   or  m a c r o p h a g e   a n d  

g r a n u l o c y t e   m e d i a t e d   r e s i s t a n c e .   I t   l o g i c a l l y   i n c l u -  

des   a g e n t s   a c t i n g   d i r e c t l y   on  the   c e l l s   i n v o l v e d   i n  

t h e   e x p r e s s i o n   of   immune  r e s p o n s e ,   or   on  c e l l u l a r   o r  

m o l e c u l a r   m e c h a n i s m s   w h i c h ,   in  t u r n ,   a c t   to  m o d i f y  



t h e   f u n c t i o n   of  c e l l s   i n v o l v e d   in  immune  r e s p o n s e .  

A u g m e n t a t i o n   of  immune  f u n c t i o n   may  r e s u l t   f rom  t h e  

a c t i o n   of  an  a g e n t   to  a b r o g a t e   s u p p r e s s i v e   m e c h a n i s m s  

d e r i v e d   by  n e g a t i v e - f e e d b a c k   i n f l u e n c e s   e n d o g e n o u s   o r  

e x o g e n o u s   to  t h e   immune  s y s t e m .   T h u s ,   immune  p o t e n -  

t i a t o r s   have   d i v e r s e   m e c h a n i s m s   of  a c t i o n .   D e s p i t e  

t h e   d i v e r s i t y   of  c e l l   s i t e   of  a c t i o n   and  b i o c h e m i c a l  

m e c h a n i s m   of  a c t i o n   of  i m m u n o p o t e n t i a t o r s ,   t h e i r  

a p p l i c a t i o n s   a r e   e s s e n t i a l l y   t h e   same;   t h a t   i s ,   t o  

e n h a n c e   h o s t   r e s i s t a n c e .  

A p p l i c a t i o n s   of  I m m u n o p o t e n t i a t o r s  

1)  The  p r i n c i p a l   p r o t e c t i v e   f u n c t i o n   o f  

t h e   immune  s y s t e m   r e l a t e s   to  r e s i s t a n c e   to  i n v a s i o n   b y  

p a t h o g e n s ,   i n c l u d i n g   v i r u s e s ,   r i c k e t t s i a ,   m y c o p l a s m a ,  

b a c t e r i a ,   f u n g i ,   and  p a r a s i t e s   of  a l l   t y p e s .   T h u s ,  

i m p r o v e m e n t   of  immune  r e s p o n s e ,   p a r t i c u l a r l y   when  d e -  

p r e s s e d ,   w o u l d   c a l c u l a t e d l y   i m p r o v e   r e s i s t a n c e   in  i n -  

f e c t i o n   or  i n f e s t a t i o n   by  any  of  t he   a b o v e   p a t h o g e n s .  

An  i m m u n o p o t e n t i a t o r   a l o n e   or  in  c o m b i n a t i o n   w i t h  

a n t i - i n f e c t i v e   t h e r a p y   can   be  a p p l i e d   to  any  and  a l l  

i n f e c t i o u s   d i s e a s e s .  

2)  A  s e c o n d   p r o t e c t i v e   f u n c t i o n   of  t h e  

immune  s y s t e m   is  t h o u g h t   to  be  r e s i s t a n c e   to  e n g r a f t -  

m e n t   of  f o r e i g n   t i s s u e ,   e i t h e r   n a t u r a l   as  in  t h e  

f e t a l - m a t e r n a l   r e l a t i o n s h i p ;   or  u n n a t u r a l   as  p e r f o r m e d  

by  t h e   t r a n s p l a n t   p h y s i c i a n .   I m m u n o p o t e n t i a t o r s   c a n  

a l s o   be  u s e d   to  f a c i l i t a t e   r e j e c t i o n   of  f e t a l   or  p l a -  

c e n t a l   t i s s u e s   or  to  m o d i f y   or   i n d u c e   t o l e r a n c e   t o  

g r a f t s .   x 



3)  A  t h i r d   p r o t e c t i v e   f u n c t i o n   of  t h e  

immune  s y s t e m   is  t h o u g h t   to  be  r e s i s t a n c e   to  m a l i g n a n t  

c e l l   d e v e l o p m e n t   as  in  c a n c e r .   The  use   of  i m m u n o p o -  

t e n t i a t o r s   can  be  u sed   in  c a n c e r   t r e a t m e n t   to  e n h a n c e  

t u m o r   r e j e c t i o n   and  to  i n h i b i t   t u m o r   r e c u r r e n c e s   f o l -  

l o w i n g   o t h e r   f o r m s   of  t h e r a p y .  

4)  A  f o u r t h   p r o t e c t i v e   f u n c t i o n   i n v o l v e s  

t he   c a p a c i t y   to  r e c o g n i z e   f o r e i g n - n e s s   and  to  m a i n t a i n  

n o n - r e a c t i v i t y   to  s e l f   by  p o s i t i v e   s u p p r e s s o r   m e c h -  

a n i s m s .   In  a u t o - i m m u n e   and  r e l a t e d   d i s o r d e r s ,   i m m u n e  

r e a c t i v i t y   d i r e c t e d   a t   s e l f   a n t i g e n s   or  e x a g g e r a t e d ,  

e l e v a t e d   r e s p o n s e s   a r e   a p p a r e n t   w h i c h   a r e   s e l f - d e s -  

t r u c t i v e .   I m m u n o p o t e n t i a t o r s   can   be  u s e d   to  r e s t o r e  

n o r m a l  s u p p r e s s o r   m e c h a n i s m s ,   i n d u c e   t o l e r a n c e ,   o r  

o t h e r w i s e   p r o m o t e   a  n o r m a l   immune  r e s p o n s e .  

Each  of  t he   p r o t e c t i v e   f u n c t i o n s   of  t h e  

immune  s y s t e m   can   be  m o d i f i e d   by  n o n - s p e c i f i c   t h e r a p y  

w i t h   i m m u n o p o t e n t i a t o r s   a l o n e   or  in  c o m b i n a t i o n   w i t h  

o t h e r   a g e n t s   e m p l o y e d   to  i m p r o v e   r e s i s t a n c e   or  to  k i l l  

t he   i n v a d i n g   p a t h o g e n .   In  a d d i t i o n ,   s p e c i f i c   r e s i s -  

t a n c e   can   be  a u g m e n t e d   by  use   of  i m m u n o p o t e n t i a t o r s   i n  

c o n j u n c t i o n   w i t h   some  fo rm  of  a n t i g e n   as  in  a  v a c c i n e  

e m p l o y i n g ,   f o r   e x a m p l e ,   v i r u s ,   t u m o r   c e l l ,   e t c .   T h i s  

use   can  be  to  i n d u c e   e i t h e r   s p e c i f i c   i m m u n i t y   or  t o l -  

e r a n c e .   The  l a t t e r   m i g h t   be  e x e m p l i f i e d   by  use   w i t h  

a n t i g e n   in  a l l e r g y   or  a u t o - i m m u n e   d i s e a s e s .   Use  o f  

i m m u n o p o t e n t i a t o r s   may  be  e i t h e r   t h e r a p e u t i c   or  p r o -  

p h y l a c t i c ;   t h e   l a t t e r   p a r t i c u l a r l y   in  a g i n g ,   w h e r e  

i n f e c t i o n ,   a u t o - i m m u n i t y ,   and  c a n c e r   a r e   more  c o m m o n .  

The  t i m i n g   of  a d m i n i s t r a t i o n   and  r o u t e s   a r e   v a r i a b l e  

and  may  be  c r i t i c a l   in  d e t e r m i n i n g   w h e t h e r   a  p o s i t i v e  



or  n e g a t i v e   r e s p o n s e   r e s u l t s .   Any  a g e n t   c a p a b l e   o f  

a u g m e n t i n g   immune  r e s p o n s e   may  i n h i b i t   i t   d e p e n d i n g   o n  

t i m i n g   and  d o s e ;   t h u s ,   u n d e r   c e r t a i n   c i r c u m s t a n c e s   a n  

i m m u n o p o t e n t i a t o r   c o u l d   be  u s e d   as  an  i m m u n o s u p p r e s -  

s i v e   a g e n t   f o r   use   in  a l l e r g y ,   a u t o - i m m u n i t y   a n d  

t r a n s p l a n t a t i o n .  

T a b l e   4  a b o v e   p r e s e n t s   t he   r e s u l t s   of  a n  

e v a l u a t i o n   of  a  n u m b e r   of  t h e s e   s u b j e c t   c o m p o u n d s   a s  

p o t e n t i a t o r s   of  t h e   immune  r e s p o n s e .   T h r e e   d i f f e r e n t  

t e s t   s y s t e m s   were   u s e d .   The  f i r s t   i n v o l v e s   a  m e a s u r e  

of   t h e   a b i l i t y   of  t h e   t e s t   c o m p o u n d   to  e n h a n c e   t h e  

a b i l i t y   of  mouse   l y m p h o c y t e s   to  p r o l i f e r a t e   in  r e s -  

p o n s e   to  a  p l a n t   m i t o g e n   (Con  A) .   The  s e c o n d   i n v o l v e s  

m e a s u r i n g   t he   a b i l i t y   of  t he   t e s t   c o m p o u n d s   to  e n h a n c e  

human  l y m p h o c y t e   p r o l i f e r a t i o n   in  r e s p o n s e   to  a  s e c o n d  

p l a n t   m i t o g e n   (PHA).   The  t h i r d   s y s t e m   m e a s u r e s   t h e  

a b i l i t y   of  t h e s e   t e s t   s u b s t a n c e s   to  e n h a n c e   m a c r o p h a g e  

p r o l i f e r a t i o n   in  r e s p o n s e   to  a  n a t u r a l   l y m p h o k i n e  

(MMF,  M a c r o p h a g e   M i t o g e n i c   F a c t o r ) .   T h i s   l a t t e r   r e s -  

p o n s e ,   t he   p r o l i f e r a t i o n   and  a c t i v a t i o n   of  m a c r o p h a -  

g e s ,   has   b e e n   shown  to  be  i n v o l v e d   in  t he   k i l l i n g   o f  

b a c t e r i a ,   v i r u s e s   and  t u m o r   c e l l s   by  t h i s   c l a s s ,  o f  

w h i t e   b l o o d   c e l l s .  

S i g n i f i c a n t   p o t e n t i a t i o n   of  t he   immune  r e s -  

p o n s e   has   b e e n   o b s e r v e d   by  1 5 3 9 2 ,   1 5 4 1 0 ,   and  1 5 4 1 8 .  

F i n a l l y ,   t h e   a c t i v i t y   of   s e v e r a l   of  t h e s e  

a g e n t s ,   NPT  1 5 3 9 2   and  15410   as  i n h i b i t o r s   of  t h e  

g r o w t h   of   a b n o r m a l   l y m p h o c y t e s   has   b e e n   d e t e r m i n e d .  

N o t a b l y ,   b o t h   s u b s t a n c e s   a r e   c a p a b l e   of  i n h i b i t i n g   t h e  

p r o l i f e r a t i o n   of   mouse   l e u k e m i c   l y m p h o c y t e s   (an  L - 1 2 1 0  



c e l l   l i n e )   in  t i s s u e   c u l t u r e .   A  50%  i n h i b i t i o n   o f  

L - 1 2 1 0   c e l l s   was  e f f e c t e d   by  NPT  15392   at   28  p g / m l   a n d  

by  NPT  15410  a t   54  p g / m l .   The  a b i l i t y   to  i n h i b i t   l e u -  

k e m i c   l y m p h o c y t e s   at   c o n c e n t r a t i o n s   t h a t   s t i m u l a t e  

n o r m a l   l y m p h o c y t e s   is  a  u n i q u e   p r o p e r t y   n o t   known  t o  

be  p r e s e n t   in  any  o t h e r   c l a s s   of  s u b s t a n c e s .  

The  p r o d u c t s   of  t he   p r e s e n t   i n v e n t i o n   a r e  

m e m b e r s   of  a  c l a s s   of  s u b s t a n c e s ,   w h i c h   s p e c i f i c a l l y  

i n h i b i t   t h e   r e p l i c a t i o n   of  RNA  and  DNA  v i r u s ,   m o d u l a t e  

( p o t e n t i a t e )   t he   immune  r e s p o n s e   and  i n h i b i t   t h e  

g r o w t h   of  l e u k e m i c   l y m p h o c y t e s .   B a s e d   on  in  v i t r o   e x -  

p e r i m e n t s ,   w h i c h   d e m o n s t r a t e   a c t i v i t y   o v e r   a  c o n c e n -  

t r a t i o n   r a n g e   of  0 . 0 1 - 1 5 0   µ g / m l ,   d o s e   r a n g e s   e f f e c t i v e  

in  mammals   a r e   0 . 0 5 - 5 0 0   m g / k g .   A  l a c k   of  t o x i c i t y   h a s  

been   n o t e d   a t   l e v e l s   of  1 , 5 0 0   mg/kg   in  mice   f o r   c e r -  

t a i n   n u m b e r s   of  t h i s   s e r i e s .  

The  i m m u n o p o t e n t i a t o r s   of  t he   i n v e n t i o n   c a n  

be  e m p l o y e d ,   f o r   e x a m p l e ,   to  p r o v i d e   r e s i s t a n c e   t o  

i n v a s i o n   by  t h e   v i r u s e s   in  T a b l e   5 .  





POTENTIATION  BY  DIP  PAcBA  OF  BIOLOGICAL  A C T I V I T I E S  

Of  the   s u b s t a n c e s   d e s c r i b e d   in  T a b l e   1,  NPT 

15392   and  NPT  15446  a r e   new  c o m p o u n d s   c l a i m e d   in  t h e  

a p p l i c a t i o n   of  A l f r e d o   G i n e r - S o r o l l a   f i l e d   on  e v e n  

d a t e .   A l s o   new  a r e   t h e   D I P ' P A c B A   s a l t s   p r e s e n t e d   i n  

t h i s   t a b l e ,   n a m e l y   1 5 4 2 8 ,   1 5 4 3 7 ,   1 5 4 4 7 ,   1 5 4 3 2 ,   1 5 4 3 4 ,  

1 5 4 4 4 ,   15418   and  1 5 4 1 0 .   NPT  1 5 3 9 2 ,   NPT  1 5 4 1 7 ,   NPT 

15426   have   a l l   b e e n   shown  to  have   s i g n i f i c a n t   a n t i -  

i n f l u e n z a   a c t i v i t y   by  t h e m s e l v e s .   In  one  i n s t a n c e  

( w i t h   NPT  1 5 3 9 2 )   t h e   a d d i t i o n   of  DIP ·PAcBA  s a l t   t o  

NPT  1 5 3 9 2   to  f o r m   15410  d o e s   no t   p o t e n t i a t e   the   a n t i -  

i n f l u e n z a   a c t i v i t y .   In  t he   c a s e   of  NPT  1 5 4 1 7 ,   a d d i -  

t i o n   of  D I P · P A c B A   s a l t   to  f o rm  15418   d o e s   p o t e n t i a t e  

t h e   a n t i - i n f l u e n z a   a c t i v i t y .   A  summary   of  the   r e l a -  

t i v e   a b i l i t y   of  D I P . P A c B A   s a l t s   to  p o t e n t i a t e   t h e  

d i f f e r e n t   b i o l o g i c a l   a c t i v i t i e s   is  s e t   f o r t h   b e l o w .  



FORMULATIONS 

The  c o m p o u n d s   of  t h e   p r e s e n t   i n v e n t i o n   c a n  

be  fed   to  a  mammal  at   a  d o s a g e   of  1 - 1 0 0 0   mg /kg   of  b o d y  

w e i g h t   and  a r e   b e l i e v e d   to   be  a c t i v e   a t   l e v e l s   as  l o w  

as  0 . 0 5   m g / k g .   The  LD50  as  d e t e r m i n e d   in  mice   o f  

NPT  15410  g i v e n   i n t r a p a r e n t e r a l l y   was  4 , 3 0 0   m g / k g ,  

w h i l e   s u b c u t a n e o u s l y   was  4 , 9 0 0   m g / k g .   NPT  15392   h a s  

b e e n   g i v e n   to  m ice   at   d o s e s   of  1000  mg/kg   and  no  d r u g  

r e l a t e d   m o r t a l i t y   was  n o t e d .  

They  can  be  a d m i n i s t e r e d   in  t a b l e t   or  c a p -  
s u l e   fo rm  to  h u m a n s   and  w h e r e   s o l u b i l i t y   p e r m i t s   i n  

t h e   fo rm  of  s y r u p s   or  i n j e c t a b l e   s o l u t i o n s   or  w h e r e  

i n s o l u b l e   as  s u s p e n s i o n s .   T y p i c a l   p h a r m a c e u t i c a l  

f o r m u l a t i o n s   a r e   d e s c r i b e d   b e l o w :  

S u s p e n s i o n :  

A q u e o u s   s u s p e n s i o n s   can  be  m a d e ' w i t h  

a  n u m b e r   of  s u s p e n d i n g   a g e n t s   i n c o r p o r a t e d  

w i t h   t he   a c t i v e   d rug   s u b s t a n c e s .   I n c l u d e d  

as  s u s p e n d i n g   a g e n t s   a r e   s u c h   s u b s t a n c e s   a s  

s o d i u m   c a r b o x y m e t h y l c e l l u l o s e ,   Na  a l g i n a t e ,  

gum  t r a g a c a n t h ,   A v i c e l   R C - 5 9 1   ( m i c r o -  

c e l l u l o s e ) ,   m e t h y l c e l l u l o s e ,   V e e g u m ,  

X a n t h a n   gum.  In  a d d i t i o n   to  a  s u s p e n d i n g  

a g e n t   s u c h   s u b s t a n c e s   as  s w e e t e n e r s ,  

f l a v o r s ,   c o l o r a n t s ,   p r e s e r v a t i v e s ,   p r o t e c -  

t i v e   c o l l o i d s   and  d i s p e r s a n t s   may  b e  

a d d e d .  







IN  VIVO  TREATMENT  OF  MICE  WITH  NPT  1 5 3 9 2  
AND  NPY  1 5 4 1 0 :   EFFECT  ON  THE  IN  VITRO  STIMULATION 

OF  SPLEEN  CELL  PROLIFERATION  BY  CONCANAVALIN  A 

The  p u r p o s e   of  t h i s   s t u d y   was  to  d e t e r m i n e  

t he   e f f e c t s   of  in  v i v o   t r e a t m e n t   of  m ice   w i t h   t he   c o m -  

p o u n d s   NPT  15392   and  15410  on  t he   s u b s e q u e n t   a c t i v i t y  

of   s p l e e n   c e l l s   i s o l a t e d   f rom  t h e s e   a n i m a l s   and  e v a l -  

u a t e d   in  v i t r o   f o r   t h e i r   p r o l i f e r a t i v e   r e s p o n s e   to  t h e  

m i t o g e n ,   C o n c a n a v a l i n   A  (Con  A ) .  

PROCEDURE 

In  V i v o   T r e a t m e n t  

N i n e   ma le   B a l b / C   m i c e ,   8-9  w e e k s   o l d ,   w e i g h -  

ing   1 8 - 2 0   gms  were   d i v i d e d   i n t o   t h r e e   g r o u p s .   One  

g r o u p   was  t r e a t e d   t w i c e   d a i l y   ( f o r   1  d a y ) ,   in  t h e  

m o r n i n g   and  a f t e r n o o n ,   w i t h   an  o r a l   d o s e   of   NPT  1 5 3 9 2  

a t   10  m g / k g .   The  s e c o n d   g r o u p   was  s i m i l a r l y   t r e a t e d  

w i t h   NPT  15410  a t   20  m g / k g .   A  t h i r d   g r o u p ,   d o s e d   w i t h  

s a l i n e   s e r v e d   as  a  p l a c e b o   c o n t r o l .  

In  V i t r o   S p l e e n   C e l l   A s s a y :   C e l l   P r e p a r a t i o n  

The  f o l l o w i n g   d a y ,   e a c h   g r o u p   was  s a c r i f i c e d  

and  t h e   s p l e e n s   r e m o v e d   and  p o o l e d .   The  s p l e e n s   w e r e  

m i n c e d   and  t he   c e l l s   w a s h e d   in  R P M I - 1 6 4 0   medium  ( G r a n d  



I s l a n d   B i o l o g i c a l s )   s u p p l e m e n t a l   w i t h   2  mm  g l u t a m i n e  

and  a n t i b i o t i c s .   The  c e l l   c o n c e n t r a t i o n   of  e a c h   p r e -  
p a r a t i o n   was  d e t e r m i n e d   by  a  C o u l t e r   c o u n t e r   and  a d -  

j u s t e d   to  5  x  106  c e l l s / m l   w i t h   RPMI  m e d i u m .  

M i c r o t i t e r   P l a t e   A s s a y  

M i c r o t i t e r   a s s a y s   w e r e   c a r r i e d   o u t   in  0 .2   m l  

i n c u b a t i o n s ,   c o n t a i n i n g   5  x  105  c e l l s   and  Con  A  o r  

Con  A  and  c o m p o u n d s   a t   t h e   i n d i c a t e d   c o n c e n t r a t i o n s .  

A l l   a s s a y s   w e r e   p e r f o r m e d   w i t h   6  r e p l i c a t e s   and  c o m -  

p a r e d   w i t h   a  b l a n k   a s s a y   c o n t a i n i n g   o n l y   c e l l s .   T h e  

a s s a y   p l a t e s   w e r e   i n c u b a t e d   a t   37°  in  5%  C02  f o r   4 

d a y s .   D u r i n g   the   f i n a l   1 8 - 2 0   h o u r s   of  i n c u b a t i o n ,   0 . 5  

ml  of   3HTdR  ( 1 0  µ  C i / m l ,   6  C i / m   m o l e )   w e r e   a d d e d   t o  

e a c h   c u l t u r e .   The  c u l t u r e s   we re   h a r v e s t e d   w i t h   a  m u l -  

t i p l e   a u t o m a t i c   s a m p l e   h a r v e s t e r   (MASH)  u n i t   and  t h e  

i n c o r p o r a t e d   3HTdR  d e t e r m i n e d   w i t h   a  Beckman   LS  8 0 0 0  

l i q u i d   s c i n t i l l a t i o n   c o u n t e r ,   as  a  m e a s u r e   of  c e l l  

p r o l i f e r a t i o n .   The  r e s u l t s   a r e   t a b u l a t e d   as  t he   r a t i o  

of  t h e   a c t i v i t y   in  t he   Con  A  or  Con  A  and  c o m p o u n d  

t r e a t e d   c u l t u r e s   to   t he   b l a n k   c u l t u r e s .  

In  v i v o   t r e a t m e n t   w i t h   e i t h e r   c o m p o u n d   1 5 3 9 2  

or   15410   i n c r e a s e s   t h e   s u b s e q u e n t   r e s p o n s e   of  t h e  

s p l e e n   c e l l s ,   in  v i t r o ,   to   Con  A  s t i m u l a t i o n   at   a  s u b -  

o p t i m a l   m i t o g e n   c o n c e n t r a t i o n   (5  p g / m l ) .   Thus  c o m -  

p o u n d   15410  i n c r e a s e d   t he   s t i m u l a t i o n   r a t i o   to   1 0 0 : 1  

c o m p a r e d   to   5 5 : 1   w i t h   t h e   p l a c e b o .   No  s i g n i f i c a n t  

d i f f e r e n c e s   a r e   o b t a i n e d   w i t h   e i t h e r   c o m p o u n d   15392  o r  

15410   t r e a t m e n t   when  t h e   c e l l s   a r e   s t i m u l a t e d   w i t h   a  

more   o p t i m a l   c o n c e n t r a t i o n   of  Con  A  (10  µ  g / m l ) .  



T h e r e   was  a l s o   t e s t e d   the   e f f e c t   of  s u b s e q u e n t   i n  

v i t r o   t r e a t m e n t   of  Con  A  s t i m u l a t e d   c e l l s   w i t h   NPT 

15392   and  15410   a t   1  µ g / m l .   Bo th   c o m p o u n d s   show  a  

m a r k e d   a b i l i t y   to  a u g m e n t   t h e   Con  A  s t i m u l a t i o n ,   p a r t -  

i c u l a r l y   a t   t h e   s u b o p t i m a l   m i t o g e n   c o n c e n t r a t i o n   ( 5  µ  

g / m l )   and  to  a  l e s s e r   e x t e n t   at   10  g / m l .   AT  5  µ g / l  

of  Con  A,  t h e   s t i m u l a t i o n   by  NPT  15392   is  2 .8   f o l d  

o v e r   Con  A  a l o n e ,   w h i l e   t h a t   f o r   NPT  15410  is  3 . 3  

f o l d .  

T h e s e   r e s u l t s   i n d i c a t e   an  i m m u n o m o d u l a t i n g  

e f f e c t   of  t h e s e   c o m p o u n d s   on  s p l e e n   c e l l   p r o l i f e r a -  

t i o n .   P r e - t r e a t m e n t   of  a n i m a l s   w i t h   e i t h e r   c o m p o u n d s  

w h i c h   s e n s i t i z e   t he   c e l l s   to  s u b s e q u e n t   m i t o g e n i c   s t i -  

m u l a t i o n   w h i l e   e x p o s u r e   of  t h e   c e l l s   in  v i t r o   to  t h e  

c o m p o u n d s   f o l l o w i n g   m i t o g e n i c   s t i m u l a t i o n   w i l l   a u g m e n t  

t he   p r o l i f e r a t i v e   r e s p o n s e   p a r t i c u l a r l y   u n d e r   c o n d i -  

t i o n s   when  t he   r e s p o n s e   to  m i t o g e n   a l o n e   is  l o w .  



EXAMPLE 
SYNTHESIS  OF  A  E R Y T H R O - 9 - ( 2 - H Y D R O X Y - 3 - N O N Y L )  

6-ALKOXY  PURINE  ( I I )  

Compound  I  (10  mM)  and  a  s o l u t i o n   of  s o d i u m  

m e t h o x i d e   (11  mM)  in  m e t h a n o l   (50  ml)  was  r e f l u x e d   f o r  

6  h r s .   The  r e a c t i o n   f l a s k   was  c o o l e d ,   t he   pH  a d j u s t e d  

to  5  w i t h   g l a c i a l   a c e t i c   a c i d   and  t he   m i x t u r e ,   e v a p o -  
r a t e d   to  d r y n e s s   u n d e r   r e d u c e d   p r e s s u r e .   The  r e s i d u e  

was  t a k e n   up  w i t h   a  min imum  a m o u n t   of  c o l d   w a t e r ,   f i l -  

t e r e d   and  d r i e d   in  v a c u o .  



SYNTHESIS  OF  E R Y T H R O - 9 - ( 2 - H Y D R O X Y - 3 - N O N Y L )  

6-METHYLMERCAPTO  PURINE  ( I I I )  

S t e p   (1)  Compound  I  @   Compound  I I  

Compound  I  (10  mM)  in  e t h a n o l   (25  ml)  a n d  

t h i o u r e a   (10  mM)  and  a n h y d r o u s   s o d i u m   a c e t a t e   (11  mM) 

was  r e f l u x e d   f o r   1  h o u r .   A f t e r   c o o l i n g   t he   r e s u l t i n g  

p r o d u c t   was  c o l l e c t e d   by  f i l t r a t i o n ,   s u s p e n d e d   in  m i n -  

imum  a m o u n t   of  c o l d   w a t e r   and  t he   pH  a d j u s t e d   to  5 

w i t h   d i l u t e d   (2Q%)  a c e t i c   a c i d .   The  p r o d u c t   is  w a s h e d  

w i t h   min imum  a m o u n t   of   c o l d   w a t e r ,   f i l t e r e d   and  t h e  

p r e c i p i t a t e   d r i e d   u n d e r   v a c u o .  



S t e p   (2)  Compound   I I   @   C o m p o u n d  I I I  

A  s o l u t i o n   of  Compound  II   (10  mM)  in  a  

2  N  NaClH  (25  ml)  was  c o o l e d   a t   5 ° .   M e t h y l   i o d i d e   ( 2 0  

mM)  was  a d d e d   and  t he   m i x t u r e   s h a k e n   v i g o r o u s l y   in  a  

t i g h t l y   s t o p p e r e d   f l a s k   f o r   15  m i n u t e s ,   a t   5 ° .   T h e  

m i x t u r e   was  t h e n   m e c h a n i c a l l y   s t i r r e d   a t   room  t e m p e r a -  

t u r e   ( 2 5 ° )   f o r   3  h o u r s ,   t h e   pH  a d j u s t e d   to  5  w i t h  

g l a c i a l   a c e t i c   a c i d .   The  r e s u l t i n g   p r e c i p i t a t e   w a s  

c o l l e c t e d   by  f i l t r a t i o n   and  w a s h e d   t w i c e   w i t h   c o l d  

w a t e r   (15  ml)  and  d r i e d .  



1.  Complexes   of  9 - h y d r o x y a l k y l - p u r i n e s   of  the  f o r m u l a  

where   X  is  OH,  NH2,  SH,  OR  or  SR  (where  R  is  a l k y l   of  1 

to  4  c a r b o n   atoms  or  b e n z y l ) ,   R   is  H  or  a l k y l   of  1  to  

8  c a r b o n   a toms,   R2  is  H  or  me thy l ,   Y  is  the  sal t   of  a n  

amine  of  the  f o r m u l a  

where   R3  and  R4  are  lower  a l k y l ,   n  is  an  i n t e g e r   f rom 

2  to  4  with  p - a c e t a m i d o b e n z o i c   ac id   and  where   z  is  a  

number   from  O  tc  10. 



2.  A  compound   a c c o r d i n g   to  claim  1  where   x  is  OH. 

3.  A  compound   a c c o r d i n g   to  claim  1  where   X  is  NH2. 

4.  A  compound   a c c o r d i n g   to  claim  1  where   X  is  SH. 

5.  A  compound   a c c o r d i n g   to  claim  1  where   R1  is  n - h e x y l ,   R2 

is  me thy l ,   X  is  OH,  NH2  or  SH  and  Y  is  the  sa l t   of  

d i m e t h y l a m i n o i s o p r o p a n o l   and  p - a c e t a m i d o b e n z o i c   a c i d .  

6.  A  compound   a c c o r d i n g   to  claim  1  where   X  is  OH,  R  i s  

n - h e x y l ,   R2  is  me thy l ,   z  is  3  and  Y  is  the  sa l t   o f  

d i m e t h y l a m i n o i s o p r o p a n o l   with  p - a c e t a m i d o b e n z o i c   a c i d .  

7.  P r o c e s s   for  p r e p a r i n g   the  compounds   a c c o r d i n g   to  c la im  1, 

c h a r a c t e r i z e d   in  t h a t  

a)  the  c o r r e s p o n d i n g   9 - s u b s t i t u t e d   6 - a m i n o - p u r i n e   i s  

d i a z o t i z e d   with  sodium  n i t r i t e   in  ac id   s o l u t i o n   t o  

i n t r o d u c e   a  HO-group  in  6 - p o s i t i o n  

b)  the  c o r r e s p o n d i n g   9 - s u b s t i t u t e d   6 - c h l o r o - p u r i n e   i s  

t r e a t e d   with  ammonia   in  a l c o h o l i c   s o l u t i o n   to  i n t r o d u c e  

a  NH2-group   in  6 - p o s i t i o n  



c)  the  c o r r e s p o n d i n g   9 - s u b s t i t u t e d   6 - c h l o r o - p u r i n e   i s  

t r e a t e d   with  t h i o u r e a   to  i n t r o d u c e   a  SH-group   i n  

6 - p o s i t i o n  

d)  the  c o r r e s p o n d i n g   9 - s u b s t i t u t e d   6 - c h l o r o - p u r i n e   i s  

h y d r o l y z e d   in  a l k a l i n e   so lu t ion   u n d e r   h e a t i n g   to  

i n t r o d u c e   an  OH-group  in  6 - p o s i t i o n  

e)  the  c o r r e s p o n d i n g   9 - s u b s t i t u t e d   6 - h y d r o x y - p u r i n e   i s  

r e a c t e d   with  an  a l k a l i   a l k o x i d e   to  i n t r o d u c e   a n  

a l k o x y   g roup   in  6 - p o s i t i o n  

f)  the  c o r r e s p o n d i n g   9 - s u b s t i t u t e d   6 - m e r c a p t o - p u r i n e   i s  

r e a c t e d   with  an  a l k y l j o d i d e   to  i n t r o d u c e   a  t h i o a l k y l  

g roup   in  6 - p o s i t i o n ,   o r  

g)  5 - a m i n o - 4 , 6 - d i c h l o r o - p y r i m i d i n e   of  the  f o r m u l a  

is  t r e a t e d   with  an  amine  of  the  g e n e r i c   f o r m u l a  



w h e r e i n   R   and  R2  have   the  above   m e a n i n g ,   and  t h e  

o b t a i n e d   4 - c h l o r o   - 5 - a m i n o - 6 - ( h y d r o x y a l k y l a m i n o ) -  

p y r i m i d i n e   of  the  g e n e r i c   f o r m u l a  

w h e r e i n   R1  and  R2  have   the  i n d i c a t e d   m e a n i n g   i s  

s u b j e c t e d   to  a  r ing   c l o s u r e   by  t r e a t m e n t   w i t h  

t r i e t h y l o r t h o f o r m a t e ,   w h e r e u p o n   the  o b t a i n e d   6 - c h l o r o -  

9 - h y d r o x y l a k y l - p u r i n e   is  s u b j e c t e d   to  one  of  p r o c e s s  

s teps   b) ,   c)  or  d),   and  if  d e s i r e d ,   o b t a i n e d   6 -  

h y d r o x y p u r i n e s   a c c o r d i n g   t o  p r o c e s s   step  e)  a r e  

c o n v e r t e d   in  6 - a l k o x y - p u r i n e s ,   whi le   6 - m e r c a p t o -  



p u r i n e s   a c c o r d i n g   to  p roce s s   step  f)  are  c o n v e r t e d  

in  6 - t h i o a l k y l - p u r i n e s ,  a   m i x t u r e   is  p r e p a r e d   from  t h e  

compounds   o b t a i n e d   a c c o r d i n g   to  one  of  s teps   a)  to  

g)  and  from  the  sa l t   Y  in  the  mole  r a t i o   1:1  up  to  

1:10,  the  m i x t u r e   is  d i s s o l v e d   and  the  formed  c o m p l e x  

is  r e c o v e r e d   from  the  s o l u t i o n .  

T h e r a p e u t i c a l   c o m p o s i t i o n   for  i m p a r t i n g   i m m u n o m o d u l a t i n g ,   a n t i -  

v i r a l ,   a n t i t u m o r   or  enzyme  i n h i b i t i n g   a c t i v i t y ,   c h a r a c t e r i z e d  

in  t ha t   it  c o n t a i n s   a  compound  of  the  g e n e r i c   f o r m u l a  

where   X  is  OH,  NH2,  SH,  OR  or  SR  (where   R  is  a l k y l   of  

1  to  4  c a r b o n   atoms  or  b e n z y l ) ,   R   is  H  or  a l k y l   of  1 

to  8  c a r b o n   a toms,   R2  is  H  or  me thy l ,   Y  is  the  sa l t   of  a n  

amine  of  the  f o r m u l a  



where   R3  and  R4  are  lower  a l k y l ,   n  is  an  i n t e g e r   f rom 

2  to  4  with  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   ac id   a n d  

where   z  is  a  n u m b e r   from  0  to  10. 

9.  Compos i t i on   a c c o r d i n g   to  c la im  8  w h e r e e i n   z  in  the  a c t i v e  

i n g r e d i e n t   is  1  to  10,  X  is  OH,  NH2  or  SH,  R1  is  H  o r  

n - a l k y l   of  1  to  8  c a r b o n   a toms,   R3  and  R4  are  a l k y l   of  1 

to  4  c a r b o n   atoms  and  Y  is  the  sa l t   of  d i m e t h y l a m i n o -  

i s o p r o p a n o l   and  p - a c e t a m i d o b e n z o i c   a c i d .  

10.  C o m p o s i t i o n   a c c o r d i n g   to  claim  9  w h e r e i n   R1  is  n - h e x y l  

and  R2  is  m e t h y l .  

11.  C o m p o s i t i o n   a c c o r d i n g   to  c la im  8  w h e r e i n   X  is  OH,  R1  i s  

a l k y l   of  1  to  8  c a r b o n   atoms  and  R2  is  m e t h y l .  
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